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TRY ONE—SEE THE 
OPERATING ADVANTAGES 
OF THESE INSTRUMENTS 


eee handy design and 
their many superior features 
make these general-utility instru- 
ments ideal for your test uses. As 
the illustration shows, they are 
compact, like a modern camera, 
which makes them easy to use as 
well as easy to carry about. 


Actual service tests have proved 
the ability of these instruments 
to stand up under hard usage. 
The element is designed and built 
to assure permanent accuracy, 


higher than that usually required 
for utility instruments. 


Ask the nearest G-E sales office 
to show you a sample instrument; 
or mail the attached coupon for 


WHAT DO YOU REQUIRE 
IN AN INSTRUMENT 
FOR SWITCHBOARD USE? 


HATEVER your specifi- 
cations may be, we are 
sure this 10-point line will meet 
them. Note the advantages out- 
lined in these points and judge 
for yourself: 
1. Antiparallax scale 
. Antiglare glass 
. Easy to read 
- High factor of merit 
- Magnetic damping 
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struments.” 


- Quick response 

. Permanently constant 

. Three styles of cases 
10. Attractive appearance 


Ask the nearest G-E office to 
show you one of these rectangu- 
lar switchboard instruments, or 
mail the attached coupon for a 
descriptive bulletin, “The New 
10-point Line.” 


General Electric Company, 
Dept. 6C-201, Schenectady, N. Y. 


Gentlemen: 


Switchboard 


| 


Please send me information on the instruments | have checked. 


HEADQUARTERS FOR ELECTRIC INSTRUMENTS 


and their degree of accuracy is _ 


The line includes a-c. ammeters, — 
milliammeters, voltmeters, and 
wattmeters, in standard ratings. — 


our bulletin, “New Portable In-— 
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YOU CAN DEPEND ON 
THESE INSTRUMENTS FOR 
ACCURATE RECORDING 


MPORTANT construction 
improvements have made 
these recording instruments the 
most dependable and accurate 
measuring devices in their field. 


Among the improved mechanical 
features is an independent, 
spring-operated reroll mecha- 
nism, which relieves the clock of 
all duties except that of timing. 
An automatic feature prevents 
the spring’s running down when 
the reroll bobbin is removed. 


May we tell you more about this 
complete line of portable and 
switchboard recording instru- 
ments? Ask the nearest G-E office 
to tell you about them; or, if you 
prefer, mail the attached coupon 
for a publication which gives full 
descriptive information. 
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An Insight Into the Workings of the Institute 


By J. ALLEN JOHNSON, Vice President A.1.E.E. 


HE “workings” of the 

Institute involve many 

types of activity, and to 
many members who are not 
familiar with all of these 
activities, the administra- 
tion of the Institute by its 
officers, committee mem- 
bers, staff, and others, ap- 
pears as something compli- 
cated and difficult to un- 
derstand. Of course, noth- 
ing could be further from 
the truth, and it is hoped 
that this discussion may 
serve to dispel any such 
impression. 

Now it appears that the Institute works the way 
it does because of what it is and consequently that 
consideration should first be given to what the 
Institute is before proceeding to a discussion of how 
it works. 

What the Institute is is defined by its objects 
and its membership. According to its constitution 
its objects are “The Advancement of the theory and 
practice of Electrical Engineering and of the allied 
Arts and Sciences and the maintenance of a high 
professional standing among its members.” Its 
membership comprises electrical engineers by pro- 
fession, professors and other teachers of electrical 
engineering and electrical subjects, persons who have 
done notable original work in electrical science, and 
others engaged in electrical or closely allied work. 
The membership is classified into Honorary Mem- 
bers, Fellows, Members, and Associates. The re- 
quirements for admission to the several membership 
grades are specified in the constitution, and it may 
be assumed that all members are familiar with them. 


Johnson. 


OBJECTS 


Now as to the objects of the Institute, there are 
a number of points to which attention should be 
directed. The first point is that the objects, as 
stated, proceed from broad unselfish motives rather 
than from narrow selfish ones. They are directed 
toward general social progress rather than mere 
class advancement. To the extent that these ob- 
fects are directed toward advancement of the Insti- 
tute’s membership they are directed toward their 
professional rather than their economic advance- 
ment. They are based upon the principle that 
engineering is a profession and thus proclaim their 
origin in the principle of ‘“‘noblesse oblige” which 
acknowledges the obligation of the professional man 
unselfishly to devote to the good of the social order 
some part of the advantages which that social order 


Essentially full text of an address presented at the A.LE.E. North Eastern 
District meeting, Worcester, Mass., May 16-18, 1934. Not published in pam- 
phlet form. 
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The keynote behind the success of the 
Institute is the spirit of mutual helpfulness 
to other members and of disinterested 
service to humanity. 
motivates the large number of individuals 
who cooperate actively in the affairs of the 
Institute is brought out in the following 


Institute who are not intimately familiar 
with its ‘workings’ this article should be 
interesting and helpful. 


has enabled him to obtain. 
This principle, it seems 
to me, must be firmly main- 
tained as the guiding prin- 
ciple of a professional life. 
This does not mean that 
the Institute may not con- 
cern itself at all with the 


That such a spirit 


economic status of its 

discussion by President-Elect J. Allen members. It may and it 
To the many members of the does, but it does seem 

clear that such concern 


must be secondary to the 
primary concern of “‘main- 
taining their high profes- 
stonal standing.” The pri- 
mary concern of a _ pro- 
fessional engineering society must be to make better 
engineers. Better engineers will result in better 
engineering; better engineering should result in a 
better world and a better world must necessarily re- 
sult in a better and happier life for all, including of 
course the engineers themselves. Thus the Insti- 
tute’s stated objects seem to require that whatever 
the Institute may do to promote the economic ad- 
vancement of its membership it must do in the spirit 
that such action will be for the benefit, rather than 
at the expense, of other social groups and society 
as a whole. 


MEMBERSHIP 


Now as to the membership, the first point to which 
attention should be called is that the Institute is a 
society of individual engineers. Engineering work 
is peculiarly individual work because it is very 
largely the product of imagination, which is in- 
herently an individual characteristic. The Insti- 
tute is composed therefore of peculiarly individual 
individuals. 

As a second point regarding the Institute’s mem- 
bership, suppose we take a look at engineers and see 
what kind of people they are. In general, it ap- 
pears, engineers become engineers because they are 
interested in the forces of nature and enjoy the 
ability which the study of engineering gives them to 
direct those forces “for the use and convenience of 
man.” That is, to the extent that they share the 
normal human desire for power and influence, they 
satisfy that desire by exercising that power and in- 
fluence over the physical forces of nature rather than 
over their fellow men. Furthermore, I believe that 
the desire for wealth is not a typical characteristic 
of the engineer. He expects his work to be properly 
evaluated and compensated in proportion to its 
worth, but he is, in general, a sane and modest chap 
and has no delusions of grandeur or exaggerated idea 
of his importance in the social scheme. Possibly he 
is unduly modest and underrates his value but if 
so he gets his compensation in the pleasure he derives 
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from his work, and he is fortunate in having a kind 
of work to do in which he can take pleasure. — That 
fact is one good reason why he owes something to 
the social order which has made it possible for him 
to acquire the knowledge which enables him to do 
interesting and pleasurable work. In that respect, 
at least, he has the advantage over the great majority 
of human beings. It is possible that when engineers, 
as they occasionally do, become unduly concerned 
in regard to their economic status as compared to 
other working groups, they forget this great ad- 
vantage that they possess over most of those with 
whom they compare themselves. If so, they should 
remind themselves of it. 

It is true, of course, that in times of economic 
stress, many engineers, in common with many 
workers in less attractive fields, are forced out of 
employment. Under such circumstances it is the 
duty of other engineers more fortunately situated 
to rally to their assistance. The engineer whom 
you help in time of trouble may be the very one who, 
in better days, provided you with an idea or an 
inspiration by way of the free exchange which takes 
place through the Institute, which enabled you to 
gain or hold the job which you have. Through your 
mere continued membership in the Institute, whether 
you know it or not, you have been of help to many 
unemployed engineers hard pressed during the recent 
depression, by enabling the Institute to be more 
lenient in the matter of delinquent dues. 

Well, what has all this to do, you say, with the 
workings of the Institute? It has thistodo. There 
are certain things the Institute can consistently do 
because it is what it is and because its members are 
what they are. There are certain other things the 
Institute cannot consistently do because it is not 
what itis not. Itis nota labor union. It is not an 
organization of class conscious workers for the pur- 
pose of promoting their own economic self-interest. 
It cannot call a strike of its members in order to 
force an increase in their compensation. Prob- 
ably no Institute member ever thought of such a 
thing, but nevertheless the Institute has been 
criticized on the ground that it hasn’t done enough 
for the economic advantage of its members. The 
answer of course is that that is not what the Insti- 
tute is for. 

The prime function of the Institute, so far as its 
members are concerned is and always must be that 
of promoting their technical, professional, intel- 
lectual, cultural, and social advancement. It can- 
not consistently concern itself primarily with their 
economic condition as a class. 

There is still another reason why a specialized 
engineering society like the A.I.E.E. cannot make 
the economic status of its members its primary con- 
cern. Engineering is one profession, not many. Its 
members may, and indeed must, specialize, to which 
fact the number of engineering societies amply testi- 
fies, but specialists though they be, they are engi- 
neers first and specialists afterward. When, therefore, 
such a specialized engineering group as the A.I.E.E. 
finds that it must act in the interest of the economic 
status of its members, the solidarity of the engi- 
neering profession requires that it do so through 
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some joint agency with other engineering societies. 
As a matter of fact, the Institute does engage in 
certain activities of this character, which will be 
mentioned later on. 

It was stated at the beginning that the Institute 
works the way it does because of what it is and an 
attempt has been made in the foregoing to give an 
interpretation of what the Institute is and why. We 
may now proceed to a discussion of “its workings.” 


Institute Management 


In the first place, since the Institute is an organi- 
zation of individuals, it must of course be and it is, 
a democratic institution. Every corporate member 
of the Institute, of whatever grade, has an equal 
right to vote. Its method of nominating and elect- 
ing its officers is also thoroughly representative and 
democratic. Let us see how this is so. 

The management of the Institute, as you know, is 
vested in a board of directors. This board consists 
of a president, 2 junior past-presidents, 10 vice 
presidents, 12 directors, and a treasurer. The 
national secretary also serves as secretary to the 
board but is not a member of it. The 10 vice presi- 
dents represent, respectively, the 10 geographic 
Districts and the nomination and election procedure 
is such that each District vice president is nominated 
by his own district. The president serves for 1 year, 
vice presidents serve for 2 years. The 12 directors 
are chosen at large, 3 being nominated and elected 
each year and they serve for 4 years. 


NOMINATION OF OFFICERS 


The nominating procedure is thoroughly demo- 
cratic. Each Section chooses its own officers. Sec- 
tion chairmen and secretaries constitute the District 
executive committees. The national nominating 
committee consists of one representative from each 
geographic District, elected by its executive commit- 
tee, and other members, not exceeding in number the 
number of geographic Districts, chosen by and from 
the board of directors. As a matter of fact, the 
board of directors has voluntarily limited its repre- 
sentation on the nominating committee to 1/2 the 
number of geographic Districts so that as a matter 
of practice the nominating committee is dominated 
by the representatives of the geographic Districts 
and not at all by the board of directors. It is thus 
quite impossible for the board of directors to per- 
petuate itself or to “hand pick” the nominees even 
if it wanted to do so. The national nominating 
committee has nothing whatever to say about the 
nominations for vice presidents (of which 5 are 
elected each year) unless some District fails to 
nominate a candidate within the time provided by 
the by-laws, in which event the national nominat- 
ing committee is empowered to act. The national 
nominating committee itself nominates only a candi- 
date for president, 3 candidates for directors, and 1 
candidate for national treasurer. The constitution 
provides that independent nominations may be made 
by the petition of 25 or more members sent to the 
national secretary, and that such petitions for the 
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nomination of a vice president shall be signed only 
by members within the District concerned. Thus, 
if any group of 25 or more members is dissatisfied 
with the candidates nominated by the District 
executive committee, or by the national nominating 
committee, they are entirely free to nominate in- 
dependent candidates. The fact, however, that this 
is so seldom done is in itself an acknowledgment of 
the fairness and truly representative character of 
the nominating and election procedure as it now 
exists. 

Summarizing, the national nominating committee 
of 15 includes only 5 members selected by the board of 
directors and this committee nominates only !/. 
of the officers to be elected each year. Under these 
circumstances it seems quite clear that no small 
group can possibly control the nominations. The 
men who from year to year are chosen to the board 
of directors by this procedure, are of high caliber, 
and serve with unselfish devotion. They take their 
jobs seriously and render to the Institute a quality 
of service which does not in any degree suffer from 
the fact that it is rendered without pay. 


Joint Activities of the Institute 


The activities in which the Institute engages are 
many and various. These activities may be consid- 
ered to be divided roughly into 2 classifications; first, 
internal activities primarily for the benefit of its 
own membership; second, joint and codperative 
activities primarily for the benefit of the engineering 
profession, the country, and the world at large. The 
second group will be first briefly outlined and dis- 
cussed. This group includes the following: 


1. United Engineering Trustees, Inc., including Engineering 
Foundation and Engineering Societies Library 


2. American Standards Association, including the Electrical 
Standards Committee, and the United States national committee 
of the International Electrotechnical Commission 


3. Engineering Societies Employment Service 
4, The American Engineering Council 


5. The Engineers’ Council for Professional Development 


UNITED ENGINEERING TRUSTEES, INC. 


The United Engineering Society, now known as 
United Engineering Trustees, Inc., was created in 
1904 by the American Institute of Mining and 
Metallurgical Engineers, The American Society of 
Mechanical Engineers, and the American Institute 
of Electrical Engineers, to hold and administer for 
them jointly real estate and funds, ‘“‘to advance the 
engineering arts and sciences in all their branches, 
and to maintain a free public engineering library.” 
The American Society of Civil Engineers became a 
member of the group in 1916. Each society has 3 
representatives on the board of trustees. 

The United Engineering Trustees, Inc., holds the 
United Engineering Societies Building at 29-33 West 
39th Street, New York City, and each founder 
society is assessed by the U.E.T., Inc., for building 
operation and maintenance in proportion to the 
amount of space occupied and pays additional 
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amounts for actual use of the auditorium, other meet- 
ing rooms, public address system, etc. The present 
Institute budget contains an allowance of $3,000 for 
the building assessment. For the year which ended 
September 30, 1931, the actual payments amounted 
to $5,713.66. 

The United Engineering Trustees, Inc., also holds 
the principal of the gifts of Doctor Swasey and others 
to the Engineering Foundation for safe-keeping and 
administration, but the net incomes are administered 
by the Engineering Foundation board. 


ENGINEERING FOUNDATION 


The Engineering Foundation is a joint agency of 
the founder societies “for the furtherance of re- 
search in engineering or for the advancement in any 
other manner of the profession of engineering and 
the good of mankind.’ It devotes its research to 
human as well as technical aspects of engineering 
problems of wide interest. The Foundation’s aid 
to the advancement of the profession extends to 
activities aimed at both understanding and ap- 
plication of natural laws fundamental to both physics 
and ethics. Codperation and effectiveness are key- 
notes of the Foundation’s policies. They are 
personal traits of its founder, Dr. Ambrose Swasey, 
of Cleveland, Ohio. 

The Institute makes no financial contributions to 
the Foundation’s work; on the contrary, the Founda- 
tion furnishes assistance in connection with researches 
recommended by the Institute and other societies. 
During the past several years, it has supplied sub- 
stantial financial assistance for 2 researches sponsored 
by our committee on electric welding, one at Massa- 
chusetts Institute of Technology and the other at 
Lehigh University. The former has been com- 
pleted, and the latter is being continued. 

The Engineering Foundation board, which ad- 
ministers the net incomes of funds set aside for its 
use, is composed of 16 members, including 2 repre- 
sentatives of each of the founder societies, 4 repre- 
sentatives of the United Engineering Trustees, Inc., 
3 members at large, and the president of U.E.T., 
Inc., ex-officto. 


ENGINEERING SOCIETIES LIBRARY 


The Engineering Societies Library, to the extent 
that it is not self-supporting, is supported by contri- 
butions from the 4 founder societies on the basis of 
an equal contribution from each plus an additional 
contribution from each society based upon its mem- 
bership. The library board consists of 21 members: 
4 appointed representatives of each society, the 
secretary of each society, and the director of the 
library. 


AMERICAN STANDARDS ASSOCIATION 


The American Standards Association, formerly 
known as the American Engineering Standards Com- 
mittee, was organized in 1918 by the A.I.E.E. and 
4 other societies. The American Standards As- 
sociation is now composed of about 200 member 
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bodies. The Institute has representatives on many 
of the Association’s committees and is sponsor or 
joint sponsor under the A.S.A. for a large number of 
standardization projects. 

Under the A.S.A. procedure, all proposed electrical 
standards are referred to the association’s Electrical 
Standards Committee on which the Institute is di- 
rectly represented by 3 members with an alternate. 
There are many other individual members of the 
Institute on the Electrical Standards Committee as 
representative of various other groups, such as the 
electric light and power group and the National 
Electrical Manufacturers’ Association. 

The Electrical Standards Committee on which the 
Institute is thus largely represented also serves, with 
the addition of representatives from the American 
Society of Mechanical Engineers and a number of 
members at large (most of whom are also members 
of the Institute), as the U.S. national committee of 
the International Electrotechnical Commission, 
which is the agency through which international 
standardization projects in the electrical field are co- 
ordinated with American standards and practices. 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


The Institute codperates with the national societies 
of civil, mining, and mechanical engineers in the 
operation of the Engineering Societies Employment 
service with its main office in the Engineering Socie- 
ties Building, New York. Offices are operated in 
Chicago and San Francisco also. In addition to the 
societies named, others codperate in certain of the 
offices as follows: New York, Society of Naval 
Architects and Marine Engineers; Chicago, Western 
Society of Engineers; San Francisco, California Sec- 
tion of the American Chemical Society, and the 
Engineers’ Club of San Francisco. 

The New York office has been coéperating closely 
with the Professional Engineers Committee on Un- 
employment which was organized in the fall of 1931 
by the local Sections of the A.S.C.E., A.I.M.E., 
A.S.M.E., and A.I.E.E. 

The service is supported by the joint contributions 
of the societies and their individual members who 
are benefited. As in the past, it consists principally 
in acting as a medium for bringing together the 
employer and the employee. In addition to the 
publication of the employment service announce- 
ment monthly in ELECTRICAL ENGINEERING, weekly 
subscription bulletins are issued for those seeking 
positions. 

In 1929, the service was on a practically self- 
supporting basis, but as the number of positions 
available declined, and as a smaller percentage of the 
members placed were able to make the expected 
contributions toward the operating costs, it became 
necessary for the societies to increase their appro- 
priations, as well as to reduce the costs of operation 
of the service. 

The appropriations of the societies have for years 
been adjusted according to the numbers of place- 
ments among their respective members. 

For the year ending September 30, 1931, the 
Institute expended for this service $1,226.22. and 
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for the present budget year it has appropriated 
$4,000. The service is supervised by a committee © 
composed of the secretaries of the 4 societies. 

Prior to the establishment of the joint employ- 
ment service, the staff of each society furnished as- 
sistance to its members who were seeking positions. 
Many members expect their society to make special 
efforts to secure positions for them, and the joint 
service has been more economical and satisfactory 
than the previous arrangement. It is certain that 
if the joint service were not available members of 
the Institute headquarters staff would find it neces- 
sary to spend far more time on employment matters. 

(For an analysis of recent accomplishments of the 
Engineering Societies’ Employment Service, see 
Table XI of the report of the Institute’s board of 
directors for the fiscal year ending April 30, 1934, 


-p. 1095-1107, this issue.) 


AMERICAN ENGINEERING COUNCIL 


The ‘‘object”’ of the American Engineering Coun- 
cil, as stated in its consitution, is “‘to further the 
public welfare wherever technical and engineering 
knowledge and experience are involved, and to con- 
sider and act upon matters of common concern to the 
engineering and allied technical professions.” 

The Council includes in its membership about 20 
national, state, and local engineering societies and 
maintains it headquarters at Washington, D. C. 
Under the plan of reorganization recently adopted 
for the purpose of making further drastic reductions 
in the operating expenses of the Council, the as- 
sembly and the administrative board were combined, 
and the numbers of representatives reduced. The 
A.S.C.E., A.S.M.E., and the Institute now have 5 
representatives each, 2 other societies have one each, 
and there are 6 regional representatives for state and 
local societies. In addition, past-presidents of Coun- 
cil serve for 6 years after the expiration of their 
terms as president without being accredited to any 
member organization. 

It is interesting to note that 2 former members of 
the Institute board of directors were elected officers 
of the Council for 1934: C.O. Bickelhaupt, vice- 
president, and C. E. Stephens, treasurer. Our Past- 
President William McClellan is chairman of the 
finance committee, and hence is a member of the 
executive committee which is composed of the elected 
officers and the chairman of the finance committee. 

Some of the subjects considered by the assembly- 
administrative board in January are: 


Transfer of coast and geodetic survey to Navy Department 


Employment conditions for engineers imposed by the Federal 
Government 


Federal public works policy, governmental competition 
Securities Act of 1933 
Telephone directory classification of engineers 
The wide variety of types of activities in which 
the Council engages is illustrated by the titles of the 


special committees which have been continued for 
1934, as follows: 


Administration of public works 
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Air transport service in foreign commerce 
Communications 

Competition of governmental agencies with engineers in private 
practice 

Engineers’ water power policy 

Flood control 

Naval towing tank 

Patents 

Relation of consumption, production, and distribution 
State engineering councils 

Telephone directory classification of engineers 

Water resources 


Committee to appear before codrdination committee of founder 
societies 


In his annual report, presented in January, L. W. 
Wallace, who resigned at that time as executive 
secretary, stated that in no like period in the Coun- 
cil’s history had its assistance been sought as much 
as during 1933, and specifically after March 4. A 
large number of the Federal agencies called upon it 
for advice and for recommendations of engineers for 
many types of work. The Council has endeavored 
in so far as possible to protect the well-being of the 
engineering profession by encouraging any desir- 
able developments and opposing those which were 
considered to be against the public welfare. 

F. M. Feiker, who succeeded Mr. Wallace as 
executive secretary, in January, is anxious to have the 
Council become known as the ‘Washington Em- 
bassy” for engineers and engineering, and is in- 
tensively seeking ways in which it can most ef- 
fectively serve the engineering profession and through 
it the public welfare. 


ENGINEERS’ COUNCIL FOR 
PROFESSIONAL DEVELOPMENT 


This activity is undoubtedly the most important 

and far reaching movement for the advancement of 
the professional standing of engineers which has 
ever taken place. The following discussion of it is 
taken largely from the Council’s first annual report, 
published Dec. 4, 1933. 
_ The Engineers’ Council for Professional Develop- 
ment, a new agency of the engineering profession, 
was brought into being in October 1932, by joint 
authorization of the American Society of Civil 
Engineers, the American Institute of Mining and 
Metallurgical Engineers, The American Society of 
Mechanical Engineers, the American Institute of 
Electrical Engineers, the American Institute of 
Chemical Engineers, the Society for the Promotion 
of Engineering Education, and the National Council 
of State Boards of Engineering Examiners. 

The Council consists of 21 members, 3 from each 
of the participating bodies, from whom a chairman 
is elected, and a secretary, who need not be one of 
the representatives. Its purpose is the enhancement 
of the professional status of the engineer. To this 
end, it aims to coordinate and promote efforts and 
aspirations directed toward the higher professional 
standards of education and practice, greater solidarity 
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of the profession, and greater effectiveness in deal- 
ing with technical, social, and economic problems. 
Its immediate objective is the development of a sys- 
tem whereby the progress of the young engineer 
toward professional standing can be recognized by 
the public, by the profession, and by the man him- 
self through the development of technical and other 
qualifications which will enable him to meet minimum 
professional standards. 

E.C.P.D. functions by studying questions with- 
in the range of its objectives, and making recom- 
mendations from time to time to the governing 
boards of the participating societies as to procedures 
that are considered of value in promoting such ob- 
jectives. It will administer only such procedures 
as have been approved by the boards of the partici- 
pating societies and assigned to it. 

During its first year, the Engineers’ Council for 
Professional Development perfected its organization 
and made far-reaching recommendations including 
(1) a program for accrediting engineering schools, 
(2) a minimum definition of the engineer, and (3) 
a suggested scheme looking to greater uniformity in 
the grades of membership in the professional socie- 
ties. The Council has 4 standing committees. 

The function of the committee on student selec- 
tion and guidance is to report to E.C.P.D. schemes 
for the educational and vocational orientation of 
young men with respect to the characteristics of an 
engineering education and the responsibilities and 
opportunities of engineers in order that only those 
who have the high qualities, aptitude, and capacity 
required to obtain intellectual satisfaction there- 
from may seek entrance to such courses. 

The duties of the committee on engineering schools 
are to report to E.C.P.D. means for bringing about 
coéperation between the engineering profession and 
the engineering schools. As a first step in its activ- 
ity, the committee has the duty of reporting to the 
Council criteria for colleges of engineering which 
will insure to their graduates a sound educational 
foundation for the practice of engineering. The 
Council voted to approve the recommendations of 
this committee and to recommend to the participat- 
ing bodies that E.C.P.D. be set up as an accrediting 
agency for schools of engineering. 

The duties of the committee on professional train- 
ing are to report to E.C.P.D. plans for the further 
personal and professional development of young 
engineering graduates and young men entering the 
profession without formal scholastic training. 

The committee on professional recognition is 
charged with the duty of reporting to E.C.P.D. 
methods whereby engineers who have met suitable 
standards may receive corresponding professional 
recognition. Upon recommendation of the commit- 
tee, E.C.P.D. approved a definite policy as a guide 
in fulfilling the committee’s purpose. This policy 
was outlined in an article “E.C.P.D. Committee on 
Professional Recognition Commented Upon by C. N. 
Lauer and Dean Barker,” appearing in ELECTRICAL 
ENGINEERING for January 1934, p. 224-5. This 
program involves selection of proper material, its 
supervised education, intimate contact with the 
profession during the apprenticeship stage, and the 
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attainment of definite specified educational require- 
ments with concurrent recognition by professional 
societies, educational institutions, and state laws. 
The committee also has formulated a definition of 
an “engineer” which was approved by E.C.P.D., 
which voted to transmit it to the participating bodies 
for their discussion and approval. These minimum 
qualifications for an engineer also were given in the 
previously menticned article in the January issue. 
At a recent meeting this committee adopted and 
recommended for approval ‘‘a practical program of 
certification covering the transition period, with 
progressive adjustment of requirements and succes- 
sive tightening of standards, always keeping in view, 
as a goal, the early complete effectuation of the 
E.C.P.D. standards and program of individual 
certification as applied to new members of the pro- 
fession.”’ 

It should be clearly understood that this program 
of E.C.P.D. is still in the formative stage and has not 
as yet been approved for adoption by the several 
sponsoring organizations. It cannot be adopted 
until it has the approval of the governing boards of 
all of those organizations. The proposals are re- 
ceiving most careful and thorough consideration by 
the Institute’s board of directors, but it would, of 
course, be premature to predict at this time what 
action the board will take. However, faced as we 
are, in many States, with licensing legislation, a 
uniform definition of an ‘engineer’ and uniform 
procedures for certifying their eligibility appear 
highly desirable if a condition of chaos is to be 
avoided, and the professional standing of qualified 
engineers is to be uniformly recognized. 

The problem of financing these activities has still 
to be worked out, but it is thought that they can be 
made self-supporting and at a social cost much less 
than would result from the alternative chaotic 
situation. It is not anticipated that the program 
will involve any direct expense to the Institute. 


Internal Activities of the Institute 


A lengthy discussion of Institute activities with 
which members are all familiar, such as its meetings, 
its publications, and its geographical District, Sec- 
tion, and Branch activities, is not included here. 
There are however 2 internal activities with which 
the membership at large have comparatively little 
direct contact, but whose personnel carry heavy 
responsibilities in promoting the effectiveness of the 
Institute in its service to its members. These are 
the Institute’s committees and its headquarters staff. 

There are 2 groups of standing committees. 


GENERAL COMMITTEES 


The general committees include the executive and 
finance committees and the board of examiners pro- 
vided by the constitution, and 15 other committees 
dealing with the following subjects: technical pro- 
grams, publications, coédrdination of Institute Activi- 
ties, Sections, constitution and by-laws, Institute 
policy, headquarters, membership, standards, Edison 
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medal, Lamme medal, award of Institute prizes, 
safety codes, code of principles of professional con- 
duct, and Student Branches. In addition to these 
standing committees, special committees are ap- 
pointed from time to time to consider matters not 
within the scope of the standing committees. 


TECHNICAL COMMITTEES 


There are 18 technical committees on the follow- 
ing subjects: automatic stations, communication, 
education, electrical machinery, electric welding, 
electrochemistry and electrometallurgy, electrophys- 
ics, instruments and measurements, applications to 
iron and steel production, production and applica- 
tion of light, applications to marine work, power 
generation, power transmission and distribution, 
protective devices, research, and transportation. 

Any attempt to visualize the tremendous mass of 
work performed by these committees must be left 
to the reader’s imagination. Some of course are 
more active than others, but many of them hold 
several meetings a year, and many of them have sub- 
committees which also hold independent meetings. 
Much work is done also by correspondence. The 
personnel of the general committees comprises about 
200 men and the technical committees about 375. 
There are some duplications in these numbers but on 
the other hand there are probably many others 
working on subcommittees who do not appear in the 
published lists. It is probably safe to say that from 
500 to 600 Institute members are actively engaged 
in committee work. 

We should all bear in mind that these 500 or 600 
men who are giving of their knowledge, experience, 
and energy for the benefit of the entire membership, 
are just members like ourselves. They pay no less 
in dues than other members and they receive no 
monetary compensation whatever for their commit- 
tee work; in fact, in many cases it causes them ad- 
ditional expense. In spite of these facts however, 
these 500 or 600 members who give their time and 
energy to committee work are the ones who are get- 
ting the most out of their Institute membership. 
This, however, does not alter the fact that the Insti- 
tute and its members owe them a debt of gratitude. 
Without their contribution to its work the Institute 
could hardly function at all. 

Of all the Institute committees, the one which has 
probably faced the most difficult task during the 
last 4 years has been the finance committee of which 
E. B. Meyer is chairman. The finance committee 
has the task of fitting the Institute’s expenses to its 
income, and with the reduction which this income 
has undergone, this committee has had most diffi- 
cult problems to solve. How some of these problems 
have been met Mr. Meyer has told in his article 
“The Story of the Institute Budget” in the March 
1934 issue of ELECTRICAL ENGINEERING, p. 375-81. 
Every member who has not already done so should 
read and study Mr. Meyer’s article. Every mem- 
ber of the Institute should understand its financial 
problems and how they are dealt with and especially 
so if he ever feels inclined to criticize the distribution 
of its income. 
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It is true that in the past the opportunities for 
participation in technical committee work have been 
somewhat limited. However, under the leadership 
of I. Melville Stein of Philadelphia, chairman of the 
Institute Sections committee, a definite plan for Sec- 
tion participation in technical committee work has 
been proposed and is scheduled for discussion at the 
conference of officers and delegates at the coming 
midsummer convention. The plan is outlined in 
the April 1934 issue of ELectricaL ENGINEERING, 
p. 631. The plan provides an opportunity for every 
Section member desiring to do so to participate in 
technical committee work, and is worthy of careful 
consideration by every member of the Institute. 


THE HEADQUARTERS STAFF AND Its DutTins 


On May 1, 1902, 18 years after its organization, 
the Institute had a membership of only 1,549, and 
was the smallest of the 4 societies of civil, electrical, 
mechanical, and mining engineers. The very rapid 
increase in membership, after the establishment in 
that year of the provisions for Sections and Branches, 
made it the largest of the 4 societies less than 5 
years later (4,000 members). (It retained that 
distinction until 1915.) The rapid increase in mem- 
bership, which continued at varying rates for many 
years and the accompanying expansions of the 
activities required the building up of a staff which 
would be able to render effectively all of the many 
types of services demanded of the headquarters of 
such a society. 

With a membership of 3,027 in 1904 (May 1), 
the Institute had a staff of 10 persons. By 1917, the 
membership had increased to 8,710 (May 1) and the 
staff to 17. The membership of more than 18,000 
which was maintained from the early part of 1926 
until reductions were caused by the depression, and 
some further expansions in the activities, caused the 
total number of staff members to reach 36 in 1929. 

On account of the decreased income, the acting 
national secretary and the office manager recom- 
mended some reductions in staff at the end of 1932, 
and did not fill a vacancy which occurred in 1933. 
These changes reduced the staff to a total number of 
26. The reductions were made despite the fact 
that the revised publication plan required more 
persons in the editorial department than in 1929, 
and the fact that other essential parts of the work 
have been made materially heavier by the depression, 
notably correspondence regarding inability to pay 
dues, and the answering of many inquiries which re- 
sult directly from the large amount of time many 
individuals have available. 

Since 1904, the numbers of Sections and Branches 
have increased from 16 and 11, respectively, to 61 
and 113. The number of committees has likewise 
been greatly increased, and the activities in general 
have been expanded in many directions. 

Members of the staff carrying the principal re- 
sponsibilities are: 


H. H. Henline, national secretary 
F. A. Norris, office manager 


G. Ross Henninger, editor 
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H. E. Farrer, secretary, board of examiners 
secretary, standards committee 


C. A. Graef, advertising manager 


C. S. Rich, secretary, technical program committee 


Of these, it is worthy of note that Messrs. Henline 
and Henninger are Members and Messrs. Farrer 
and Rich Associates of the Institute. 

In addition, there are 4 editorial workers, 3 of 
whom are Associates; 3 junior clerks who perform a 
wide variety of duties, including addressograph, 
mimeograph, mailing, stock, and messenger services; 
and 13 other persons who are engaged in the entire 
range of work required of the staff. 

The duties of the staff embrace a mass of detail 
work in connection with ELECTRICAL ENGINEERING 
and the TRANSACTIONS, advertising, the Year Book, 
the 61 Sections and 113 Branches, general adminis- 
tration, joint activities, secretarial and other work 
for committees, etc. These duties include editing 
and proof-reading, correspondence, record keeping, 
billing, indexing, preparation of annual and other re- 
ports, mailing, interviewing, arranging for meetings 
and conventions, accounting, filing, shipping, as- 
sistance in preparation of budget, and others too 
numerous to mention. A mere catalog of the specific 
services required of the staff comprises over 4 type- 
written pages. 

It always has been the practice to keep the staff 
at the minimum number of persons required for per- 
forming the necessary duties. Accounting, mem- 
bers’ records, correspondence, and all other parts of 
the work have been kept on the simplest possible 
basis. The variety of duties required of the limited 
staff makes it essential that the assignments be ar- 
ranged on a flexible basis. No member of the staff 
is limited entirely to one particular type of work, 
except in editorial and advertising, but each has been 
thoroughly trained in other duties, and practically 
all have had years of experience in Institute meth- 
ods. Consequently, the distribution of duties can 
readily be shifted from day to day, and the services 
can be maintained with a minimum payroll cost per 
member of the Institute. 

That the Institute is not overstaffed is indicated 
by a recent comparison of the staffs of the 4 large 
national engineering societies, which shows the fol- 
lowing: 


A.I.E.E. A.S.C.E. A.I.M.E. A.S.M.E. 


Total number of employees 26 52 23 63 
SECTIONS AND BRANCHES 


Before concluding, a few statements should be 
made regarding the relationship of the Sections and 
Student Branches to the Institute. Student en- 
rollment in the Institute was initiated in order that 
the young men training to become engineers might 
be kept informed as to the latest developments in 
the various fields of electrical engineering, so that 
their transition from student life to professional life 
might be made gradually rather than abruptly. 
It was felt that, by this means, these young men 
would be greatly assisted in “‘finding themselves’”’ 
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in the professional field, thereby not only accelerat- 
ing their individual professional progress but also 
enhancing the standing of the profession as a whole. 
That this purpose is being accomplished will be 
readily admitted by any one who has attended a 
Student session at any of our meetings. - The pro- 
vision of student meetings conducted on a profes- 
sional basis by the Branches can add tremendously 
to the effectiveness of this development. The very 
moderate fees paid by Enrolled Students obviously 
do not cover the entire cost of this service, which 
includes sending ELpcrricaL ENGINEERING to each 
Enrolled Student, but the Institute has faith that 
the bread so cast upon the waters will return again 
after many days in the form of an enthusiastic mem- 
bership imbued with the professional spirit. I think 
there is no service which the Institute renders that 
is more worth while. 

Now as to the Sections; they were organized in 
order that a larger proportion of the Institute mem- 
bership might have the opportunity, by meeting to- 
gether, to promote the objectives of the Institute. 
These objectives imply, as already pointed out, an 
attitude of unselfish service to the profession, to the 
nation, and to the world. Now not all members of 
the Institute are fortunate enough to be able to 
participate in Section activities. Only about ?/; of 
the membership even resides in Section territory. 
Section members and officers might do well to re- 
member this fact when they feel inclined to be dis- 
satisfied with the degree of financial support ac- 
corded their activities, by the Institute. I am sure 
they would not want to feel that they were promot- 
ing their own local interests at the expense of other 
members unable to enjoy like privileges. 

Now of course there are many Section activities 
which do, directly or indirectly benefit the Institute 
asa whole. Surely no one will deny the value to the 
Institute of the splendid work of the Section mem- 
bership committees, and occasional social activities 
which assist in obtaining desirable members are, 
without doubt, of benefit to the Institute as a whole 
as well as to the individual Sections. No hard and 
fast rules can be laid down. ‘Tie important thing is 
that members fortunate enough to be able to enjoy 
participation in Section activities might well bear 
in mind that after all, the principal functions and 
activities of the Institute must be carried out on a 
national, or perhaps I should say continental basis, 
and that in the long run the Section members will 
benefit most by so planning and conducting their 
Section affairs as to contribute to, as well as enjoy the 
benefits of these broader activities. They owe this 
much to that '/; of the membership who help to pay 
their cost without being able to participate in them. 

To sum up the whole matter, an insight into the 
“workings” of the Institute seems to reveal that its 
aims and activities are rooted in a spirit of mutual 
helpfulness to each other and disinterested service to 
humanity. Its officers, its headquarters staff and 
those who work on its committees all share in that 
spirit. The principal obligation of membership, it 
seems, is to cultivate that spirit, the possession of 
which, after all is said and done, yields the most 
lasting satisfactions of the professional life. 
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Resonant Lines 
in Radio Circuits 


Resonant transmission lines may be used 
as circuit elements in the ultra-short wave 
range as a means of obtaining high im- 
pedance with low loss. The lines may be 
of either concentric tubes or 2 wires, and 
are sufficiently small that they may be 
placed within the apparatus. These cir- 
cuits can be made highly selective, and 
when used to control oscillator frequency 
will give stability comparable to that of a 
crystal. The mathematical relations gov- 
erning their operation and several appli- 
cations are discussed in this paper. 


By 
FREDERICK EMMONS TERMAN 


ASSOCIATE A.1.E.E. Stanford Univ., California — 


A. THE HIGHER frequencies now 
used in radio communication and, in particular, at fre- 
quencies above 30 megacycles it is possible and some- 
times highly desirable to replace the usual circuit 
elements by resonant transmission lines. At these 
high frequencies the wave length is so small that 
resonant lines are of reasonable physical dimensions 
and, when properly built, have low losses and a 
large circulating voltampere capacity. 

The principal uses that thus far have been made 
of resonant transmission lines are with high frequency 
oscillators. Engineers of the Radio Corporation of 
America have used long resonant lines to replace the 
oscillator tank circuit, and equipment embodying 
this principle is being used in the telephone system 
connecting the Hawaiian Islands.!_ Mouromtseff — 
and Noble have designed a water cooled tube in such’ 
a way that the grid and plate structures are part 
of a half wave length resonant line which is used as 
the tank circuit of the oscillator. With this arrange- 
ment it is possible to obtain frequencies about twice 
as high as can be realized with the same tube in a 
conventional circuit.” 

It is the purpose of the present paper to present 
the fundamental properties of resonant lines when 
used as substitutes for the circuit elements com- 
monly employed at high frequencies. In particular, 
on communication, and scheduled for discussion at the A.I.E.E. Pacific Coast | 
convention, Salt Lake City, Utah, Sept. 3-7, 1934. Manuscript submitted || 
ee released for publication May 16, 1934. Not published in pam- 
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the possibilities of resonant lines as a means of 
developing high impedances, highly selective circuits, 
low loss inductances and capacitances, and high 
voltage step-up ratios will be investigated, and the 
best proportions for each purpose determined. 


FUNDAMENTAL RELATIONS 


Resonant lines may be either open- or short- 
circuited at the receiver. The voltage and current 
distributions that result for these cases are shown in 
Fig. 1. These curves are discussed in many text- 
books and so need not be considered in detail here. 
It is sufficient to call attention to the fact that with 
an open circuited receiver the voltage is low at 
points that are an odd number of quarter wave 
lengths distant from the receiver, and high at points 
at an even number of quarter wave lengths. For the 
short-circuited receiver the relations are the opposite; 
the voltage is low at points of high voltage for the 
open-circuited receiver, and vice versa. The current 
distribution for the open-circuited receiver is ex- 
actly the same as the voltage distribution for the 
short-circuited receiver; conversely the current 
distribution for the short-circuited receiver follows 
the same law as the voltage distribution for the open- 
circuited receiver. In dealing with resonance phe- 
nomena in transmission lines, the receiving end of the 
line always is chosen as the reference point. This 
is because the resonances arise as a result of reflec- 
tions at the receiver and the maxima and minima in 
the standing wave patterns are hence always an exact 
multiple of a quarter wave length from the receiver. 

The impedance of the line looking toward the 
receiver follows the voltage distribution in a general 
way, being high or low depending upon whether 
the voltage is at a maximum or minimum. The 
curves of impedance and power factor also are 
given in Fig. 1. It will be observed that the power 


factor passes through unity whenever either the volt- - 


age or current is at a minimum, but is very nearly 90 
deg leading or lagging for other conditions. 

The formulas giving the properties of resonant lines 
are to be found in all books on transmission line 
theory and are 
For open circuit at receiver 
E, = E, cosh (a + 78) 1 

I, == sinh (a + j6)! 


Zo 
Es , Zo 


I, tanh (a + 78) / 
For short circuit at receiver 


E, = 1,Zo sinh (a + 76) 1 
I, = I,.cosh (a + j8) J 


=; Seat anh (Ce E78) 
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sending end voltage 
receiving end voltage 
sending end current 
receiving end current : 
impedance at sending end looking toward receiver 
0 characteristic impedance of line 
+ j8 = propagation constant of line 
= line length 


At high frequencies, such as are of interest here, 
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the propagation constant (a + jf) takes the follow- 
ing simplified form :% 


; R GZ, . 2a 
= Bye Rue Te 2 
CM isda Z, ator pam AGN (2) 
where 
R resistance in ohms per unit length 


| ll 


Zo) = characteristic impedance in ohms 
G leakage conductance in mhos per unit length 
length corresponding to one wave length 


> 
I ll 


At radio frequencies the characteristic impedance is 
almost exactly a pure resistance having a value 


Z,= VL /C, and the wave length with air insulation 
corresponds extremely closely to the wave length 
calculated on the basis of the velocity of light, 
1. €., \ = (velocity of light) /frequency. 

As a result of the fact that the characteristic im- 
pedance is real, the only imaginary term in the right- 
hand side of eq 2 is the last term, so that 

21 af 

(n= xe a Bee (3) 
where c is the velocity of light and f is the frequency. 
Likewise, if the leakage conductance is assumed to 
be zero, which is always the case in well constructed 
radio frequency transmission lines, the attenuation 
constant a is given by the first term on the right-hand 
side of eq 2 and so becomes 


R 
a= oy. (4) 
The characteristic impedance Z) for concentric tube 
and 2-wire transmission lines is readily calculated 
by the usual formulas: 


Characteristic impedance for) __ b 

concentric tube line =vise logiey (Sa) 
Characteristic impedance for( _ b 

2-wire line = 276 logio a (Sb) 
where 

b = inner radius of outer conductor in concentric tube line or the 


spacing between wire centers with a 2-wire line 
@ = outer radius of inner conductor in a concentric tube line, or the 
conductor radius in a 2-wire line 


The resistance R that appears in eqs 2 and 4 can 
be readily calculated at radio frequencies for the 
usual types of lines because the skin effect is so great 
at these frequencies that the skin depth is very 
small. In general, when the skin depth is small 
compared with the radius of curvature of the con- 
ductor surface, the resistance of the conductor is 
equal to the resistance of a surface layer having a 


depth which for copper is 6.62/V/f cm. Withacon- 
centric tube transmission line this results in a 
resistance per unit line given by the following 
formula 


1 1 
R = 41.6 Vi(< ae 5) X 107° ohms per cm (6) 
where 
b inner radius of outer conductor in centimeters 


outer radius of inner conductor in centimeters 
frequency in cycles 


a 


f 


In the case of a 2-wire transmission line with large 
conductor spacing, the resistance, taking into ac- 
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count skin effect, is twice the resistance of a single 
wire considered as an isolated conductor and so be- 
comes 

R = 838.2 wee X 107° ohms per cm (7) 

The notation is the same as in eq 5 except that a is 
now the radius of the conductor, in centimeters. 
When the 2 wires are reasonably close together, the 
actual resistance is somewhat higher than given by 
eq 7 because of the proximity effect which results 
in each of the wires inducing eddy currents in the 
other wire. The proximity factor can be taken 
into account by multiplying the resistance calcu- 
lated from eq 7 by the factor given in Fig. 2.* 

All of the fundamental factors required to obtain 
an analysis of the properties of resonant transmission 
lines at high frequencies now have been considered. 
Equations la and 1b give the voltage, current, 
and impedance relations existing on the line in terms 
of the line length, frequency, and line constants. 
Equations 3 and 4 give the wave length constant 
and the attenuation factor while eqs 6 and 7 give the 
resistance of the line at high frequencies. These 
fundamentals now will be applied to the solution of 
various problems involving resonant transmission 
lines. 


RESONANT TRANSMISSION LINES 
AS HIGH IMPEDANCE DEVICES 


Resonant transmission lines can be used as inter- 
stage coupling devices for vacuum tube amplifiers 


RECEIVER OPEN RECEIVER SHORTED : 
VOLTAGE AND CURRENT Fig. 1. Voltage, 
~ E current, sending 
end impedance, 


and sending end 
power factor of 
i resonant trans- 
mission lines as 
functions of dis- 
tance from 

receiver 


SENDING END IMPEDANCE 


POWER FACTOR 


wy 
4 : ; 4 
DISTANCE TO RECEIVER IN WAVELENGTHS 


in place of the parallel resonant circuit normally 
employed. At high frequencies resonant lines have 
the advantage of giving greater impedance and 
greater selectivity than are obtainable with a parallel 
tuned circuit, and appear to have real possibilities 
in the receiver art. 

A resonant transmission line developing a high 
impedance may consist either of a line an odd num- 
ber of quarter wave lengths long and short-circuited 
at the receiver or an even number of quarter wave 
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lengths long and open-circuited at the receiver, as is 
apparent from Fig. 1. In Appendix I it is shown that 
by a manipulation of eqs 1 and 2 the sending end 
impedance for both cases is 


8Z 02f (8) 
4 Rnc 
where 
Z, = sending end impedance of the line 
Z) = characteristic impedance of the line 

= frequency . 

R = line resistance per unit length , 
n = number of quarter wave lengths in the line 
c = velocity of light 
This is the general expression for the sending end 


impedance when the line is of such a length as to 
give a high impedance. 

In the particular case of a concentric tube line it is 
advantageous to rearrange eq 8 by making use of 
eqs 5a and 6. As shown in Appendix I this gives 


_ 122.2 WV fb F(logis b/a)? 


Z, n 1 + b/a (9) 
where 
b inner radius of outer conductor in cm 


a outer radius of inner conductor in cm 


Examination of this equation yields some very 
interesting and important results. In the first place, 


BERGE BSL 
= Br 
Ei 

: 
SeSeeoes 
pS Saaial 


0 8 16 24 
b/a— RATIO OF WIRE SEPARATION TO RADIUS 


Fig. 2. Proximity 
effect factor for 1.16 
Q-wire line with 
wires spaced 
closely 


12 


So 
i) 


PROXIMITY FACTOR 


1.04 


it may be noted that the sending end impedance ob- 
tainable is inversely proportional to the number of 
quarter wave lengths involved in the line, is directly 
proportional to the diameter of the outer conductor, 


is proportional to Vf, and is a function of the line 
proportions (b/a). For any given outer diameter 
there is a best diameter for the inner conductor. 
This best proportion is b/a = 9.2, but is not par- 
ticularly critical with respect to line proportions as 
can be seen from Fig. 3. One now may rewrite eq 8 
in a very convenient form: 
L111 fb 

Z,= Lavan F (9a) 
where F is the factor given by Fig. 3, and with 
optimum line proportions will be equal to 1. 

Substituting reasonable numerical values in eq 9a 
shows that extremely high impedances are readily 
obtainable at high frequencies. Thus for 6 = 1 cm, 
f = 60 X 108 cycles, nm = 1, and F = 1 (optimum 
proportions), it is found that Z, = 86,000. It may 
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| 


be noted that this line is so small that it can be 
coiled up and used in a radio receiver or portable 
transmitter. If the line diameter is enlarged to 10 
cm, the sending impedance is 860,000 ohms, a truly 
enormous impedance at a frequency of 60 x 10° 
cycles per second. 

Equation 8 indicates that the sending end im- 


pedance increases proportionally to Vf. This be- 


relative 


functions 


havior is the opposite of that of ordinary circuits 
and is correspondingly important. It comes about 
because, although the resistance per unit length 
increases with frequency, the increase is propor- 
tional to Vf, whereas the length of the conductor 
involved is inversely proportional to frequency. 

A 2-wire transmission line exhibits exactly the 
same type of behavior as the concentric tube line 
although the formula differs slightly. It is shown 
in Appendix I that for this case 


he (9b) 


_ 23.95-—/ fb G 
n 
where G is a factor given in Fig. 3, and 0 is the wire 
spacing in centimeters. The optimum proportions 

here are b/a = 8.0, but are not critical. 

The impedance possibilities of resonant lines at 
frequencies such as 10 megacycles and higher can 
be summarized as follows: An impedance in the 
order of 100,000 ohms or more is readily obtainable 
with reasonable proportions. The sending end 
impedance obtainable is greater the higher the 
frequency and is also directly proportional to the 
outside dimension of the line. The highest imped- 
ance is obtained when the line is a quarter wave 
length long short-circuited at the receiver, and for 
highest impedance there is an optimum proportion. 


HicH IMPEDANCE RESONANT LINES 
AS SELECTIVE CIRCUITS 


The selectivity of a high impedance such as ob- 
tained by a quarter wave length resonant line can be 
thought of as a measure of the extent to which the 
impedance varies with frequency in the region around 
exact resonance. This variation of impedance with 
frequency is a property more or less independent of 
the magnitude of the impedance obtained and so 
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Fgh deWeeeies 
F and G as functions 
of b/a, giving the 
impedance 
of a resonant line 


Fig. 4 (right). Fac- 
tors H and J as 
of b/a, 
giving the relative 
selectivity factor of 

a resonant line 


must be considered separately. In particular, the 
conditions that give maximum selectivity are not 
the same as those that give maximum impedance. 
It is shown in Appendix II that as frequency is 
varied slightly about resonance the impedance of a 
line varies according to exactly the same law as does 
the impedance of an ordinary parallel resonant 
circuit. The selectivity around the resonant fre- 


quency is hence expressible in terms of an equivalent 
selectivity factor, Q, just as is the selectivity of or- 
dinary resonant circuits. The value of Q that 
results is derived in Appendix II, and is 


_ QnZof 
Q = 4 (10) 


In the particular case of concentric lines the for- 
mula may be made more usable by substituting 
for Z) and R from eqs 5 and 6. This yields 


Q = 0.60av/ Fo (P82 a (11) 
= 0.0839+/ fb H (11a) 


where the notation is the same as previously used 
with concentric lines with the addition that H is a 
factor given in Fiz. 4. As may be seen, Q is propor- 
tional to Vf, is proportional to the diameter } of 
the outer conductor, is a function of the line propor- 
tions (b/a), and is independent of the number of 
quarter wave lengths involved in the line. It is 
particularly interesting to note that, unlike ordinary 
circuits, the selectivity factor, Q, tends to become 
larger the greater the frequency. 

The value of Q will be greatest when the line pro- 
portions make Z)/Rineq 10amaximum. Inspection 
of eq 4 shows that this is also the requirement for 
minimum attenuation factor, a, which already is 
known to occur when 0/a = 3.6 for concentric 
lines.°® 

A 2-wire line exhibits exactly the same selectivity 
characteristics as a concentric tube line, although 
the numerical coefficients differ. It is shown in Ap- 
pendix II that the equation for the 2-wire line 


corresponding to eq lla is 
Q = 0.0887-V f bJ (12) 


where J is a factor given in Fig. 4. The line pro- 
portions are optimum when b/a = 2.72 if the prox- 
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imity effect is neglected, or when the ratio is be- 
tween 3 and 4 if the proximity effect is included. 

Substitution of reasonable numerical values in 
eqs 11 and 12 shows that the value of Q obtainable 
with resonant lines is surprisingly large at frequencies 
in the short wave and ultra-short wave range. 
For example, a quarter wave length concentric line 
1 cm in outer diameter, of optimum proportions, 
and operating at 60 megacycles, has an equivalent 
selectivity factor, Q, of 650, and if the diameter is 
increased to 10 cm Q becomes 6,500. These values 
are much higher than can be obtained with ordinary 
resonant circuits, and are comparable to or exceed 
the effective selectivity of quartz crystal vibrators. 
It thus appears that resonant lines are as effective 
as a quartz crystal for stabilizing the frequency of a 
short wave oscillator. 

In ordinary parallel resonant circuits the resonant 
impedance can be expressed as QwL, where wl is the 
reactance of the inductive branch of the circuit 
and Q is the ratio of wZ to the circuit resistance. 
An analogous expression can be obtained for a 
resonant transmission line by combining eqs 8 and 
10 with the interesting and useful result 


4Z 

eye 

In summarizing the selectivity properties of reso- 
nant lines the most noteworthy points to consider 
are the differences in requirements for maximum 
selectivity as against maximum impedance. In 
general the best proportions are distinctly different, 
a lower characteristic impedance being preferable for 
maximum selectivity. The selectivity is also inde- 
pendent of the number of quarter wave lengths in- 
volved in the line whereas the impedance is inversely 
proportional to the number of quarter wave lengths. 


However, the selectivity and impedance both vary 
with frequency and dimension 0 in the same way. 


(13) 


RESONANT LINES AS VOLTAGE STEP-UP DEVICES 


An important use of an ordinary resonant circuit 
is as a voltage step-up device employing the well- 
known resonance rise of voltage existing in a series 
circuit. A transmission line can be used for the 
same purpose. The idea is to use an open-circuited 
receiver and a line an odd number of quarter wave 
lengths long, in which case the resonance rise of 
voltage is from the sending end to the receiving end, 
or else to employ a short-circuited receiver and a 
line that is an even number of quarter wave lengths 
long, in which case the resonant rise of voltage is 
from the sending end to a point an odd quarter of a 
wave length from the sending end. 

The voltage step-up properties of such lines can 
be determined by making use of the fundamental 
equations of the line, and reducing them to a form 
that will permit ready interpretation for this special 
case. This is done in Appendix III and yields the 
following result: 


8Zof 


Ratio of voltage step-up = Pe 


(14) 


Likewise it is shown in the same appendix that the 


1050 


voltage step-up ratio in the vicinity of resonance 
has éxactly the same type of selectivity characteristic 
as the voltage step-up in an ordinary resonant cir- 
cuit, so that the voltage rise effect may be said to 
have an effective selectivity factor that can be ex- 
pressed by the following equation 


(15) 


It may be observed that Q is exactly the same here 
as for the same line when used as a high impedance 
device. A comparison of eqs 14 and 15 shows that 
the step-up obtainable is (4/7m)Q. It should be 
noted that the step-up ratio is greatest when the 
line is only a quarter wave length long and is not 
Q as in a simple series circuit. Inasmuch as the 


selectivity of resonant lines can be made high, the ~ 
voltage step-up obtainable is correspondingly large ~ 


and, unlike ordinary circuits, tends to increase as the 
frequency is increased. 


RESONANT LINES AS Low Loss REACTANCES 


When a line that is either open- or short-circuited 
at the receiver is not an exact multiple of a quarter 
wave length long the sending end impedance is 
primarily reactive with a low power factor. The 
impedance is inductive in a short-circuited receiver 
when the line is shorter than an odd number of 


; 


+] 


quarter wave lengths and longer than an even 


number. 
tive reactance is obtained with the line longer than 
an odd number of quarter wave lengths, and shorter 
than an even number. This is shown in Fig. 1. 


With an open-circuited receiver an induc- — 


The important practical case is for inductive rather | 
than capacitive reactance, because low loss capaci- — 


tive reactances can be obtained readily by conven- 


tional methods, whereas low loss inductive reactances — 


are difficult to achieve at high frequencies. The 
inductive case is also important because in a circuit 
where a resonant line is used to develop a high 
impedance in association with a vacuum tube, the 
tube electrode capacitance requires that the line 
have an inductive reactance in order that the com- 
bination of line and tube may give resonance. 

The nature of the reactances obtainable can be 
ascertained by rearranging the general equation for 


sending end impedance and neglecting terms that — 


are important only at or very near resonance. This 
has been done in Appendix IV and gives: 
For a short-circuited receiver: : 9 
Re = ] 
= ak A + 7Z tan (2 x) (16a) 
2f cos? 2a (5) 
ON 
For an open-circuited receiver: 
l 
Re — 
r Zz 
2 l (16b) 


= 7 

2f sin? 27 (<) tan (2 >) 
The notation is the same that already has been used 
with the addition that (J/d) is the line length meas- 


ured in wave lengths. The equation does not hold 
of course when (//\) approaches an integral multiple 
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of a quarter wave length. It may be noted that 
the reactive component of the impedance is propor- 
tional to the characteristic impedance Z), and 
varies cyclically with line length. The reactance 
can be controlled either by varying Z) or the length, 
and may be varied from perhaps !/,) to 10 times the 
characteristic impedance. 

The ratio of reactance to resistance components of 
the sending end impedance can be called the selec- 
tivity factor of the reactance, and for both termi- 
nations is 


(17) 


Comparison of eqs 10 and 17 shows that Q varies 
with line proportions and frequency according to 
the same law for both the impedance of the resonant 
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4 
LENGTH IN WAVELENGTHS 


line and the reactance of the line when not in reso- 
nance.. The value of Q now varies cyclically with 
length, however, with a general lower trend as length 
increases. This is shown in Fig. 5, which gives values 
of Q for the reactance of a line not in resonance di- 
vided by values of Q for a resonant line of the same 
construction, and at the same frequency. It is 
apparent that the “Q”’ of the reactance compares 
favorably with that of resonant lines. Also, the 
lowest loss inductive reactance is obtained when 
a short-circuited line less than a quarter wave 
length long is used, and the lowest loss capacitive 
reactance when an open line less than a quarter 
wave length long is used. Longer lines than these 
can be arranged to give the same reactance, but will 
have greater losses. 

The reactances obtained from lines can be used 
in the same way as those of ordinary coils and 
condensers, and as far as everything except selec- 
tivity is concerned the equations and laws for lumped 
circuits hold without change. When lumped coils 
and condensers are associated with the line, it is 
necessary to include the losses in these elements 
in the calculations; and these extra losses are 
commonly more than the line losses unless unusual 
precautions are taken. In particular, when a line is 
combined with the tube capacitance to give reso- 
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nance, the losses in the tube leads will dominate the 
situation unless the tube is properly constructed. 


IMPROVED SELECTIVITY CHARACTERISTICS 


The selectivity characteristics of circuits involving 
reactances derived from lines are not the same as 
when ordinary lumped reactances are used, however. 
This is because the reactance obtained from lines 
varies more rapidly with frequency than does the 
reactance of an ordinary condenser or coil. As a 
result, a reactance having a certain magnitude and 
“Q” has greater effective selectivity than does a lumped 
reactance having the same magnitude and ‘“Q’’. The 
magnitude of this effect is computed in Appendix 
V, and is 


4r 
lective f i 
Selective factor of line reactance a (18) 


Selective factor of lumped reactance ; ( l ) 
sin ( 47 — 


~|~ 


If the line length is very small this factor becomes 
unity as might be expected, but otherwise the factor 
is greater than unity and tends to become very 
great when the line is long. Equation 18 is plotted 
in. Hig: 5. 

The use of eq 18 can be illustrated by a specific 
example. Assume //A = 0.2; then the factor is 
4.25. If the line reactance now is tuned to resonance 
by a lossless condenser the effective selectivity factor 
of the circuit will be (4.25 + 1)/2 = 2.62 times as 
great as it would be if the line were replaced by a 
coil having the same ratio of reactance to resistance. 

The real merit of a line reactance from the point 
of view of selectivity is the ratio of rate of change 
of reactance to the effective resistance. This can be 
shown to vary cyclically, repeating every even 
multiple of a quarter wave length. Thus a line 0.7 
wave length long has as good selectivity characteris- 
tics as a reactance obtained from a line of 0.2 wave 
length, although in the latter Q as given from eq 17 
is greater and the resonant impedance and resonant 
step-up effects likewise are greater. 


SUGGESTED APPLICATIONS 


It has been demonstrated that resonant lines can 
be used to replace ordinary circuit elements and 
tuned circuits, and that the performance of resonant 
lines at the higher frequencies used in radio communi- 
cation is vastly superior to that of any ordinary type 
of circuit or circuit element. At wave lengths in the 
order of 10 m it is a simple matter to obtain resonant 
impedance in excess of 100,000 ohms and to obtain 
resonant impedances, resonant step-up effects, and 
either inductive or capacitive reactances that have 
an effective circuit selectivity factor Q ranging from 
500 to perhaps 5,000. Unlike ordinary circuit 
elements, the resonant lines perform better the higher 
the frequency. The full possibilities of resonant lines 
can be obtained only when they are designed prop- 
erly. There is a best proportion that gives the 
highest values of Q, and there is also a different pro- 
portion that gives the highest impedance. 

Possible applications of resonant lines to ultra- 
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short wave radio technique appear to be almost 
without limit, since at these high frequencies reso- 
nant lines can out-perform any circuit employing 
lumped elements, and at the same time are so 
compact as to be usable even in small receivers by 
the expedient of using a coiled concentric line. 

A few of the possible applications that immedi- 
ately suggest themselves are shown in Fig. 6. In 


(2 ese t-4 F 7 


co” 
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Fig.6. Applications for resonant lines 


A. Line as step-up circuit 

B. Line as oscillator frequency control 

Cand D. Line as interstage coupling device 

E and F. Line as band pass filter 

G. Line as power amplifier tank circuit 

H. Line as condenser that will pass direct current 


the case of the oscillator frequency control arrange- 
ment (b) it is possible, by coupling the oscillator 
near the shorted end of the line so that only a small 
effect is reflected into the resonant line, to obtain 
frequency stability comparabie to or better than that 
given by a crystal. Temperature effects can be 
made practically nil by using a. construction and 
mounting such that the line length cannot change 
with temperature. At (e) in Fig. 6 are shown 2 
resonant lines loosely coupled together to serve as 
a band pass filter such as commonly is used in radio 
receivers; and at (f) is shown a simple band pass 
filter of the type commonly used in telephone carrier 
work, with the 2 quarter wave lines acting as series 
resonant circuits, and the shunt line serving as a 
capacitance or inductance as desired. At (h) is 
indicated a line arranged to function as a capacitive 
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reactance and yet pass direct current, a common need 
in many tube circuits. 


Appendix I—Derivation of Equations 
for Impedance of Resonant Lines 


For an open-circuited receiver the sending end impedance is 


z Zo ‘ 19 
tie aah GCE) es) 


But @/ is an exact multiple of 7, so that this can be rewritten as 


age 4) 20) 
a= tanh al ( 


For the short-circuited case the sending end impedance is 


Z, = Zo tanh (al + j6l) (19a) 


However, here @/ is an odd multiple of 7/2, so eq 19a can be written 
as 


Zo 


tanh al LS) 


Z,= 


This is the same as eq 20, so the 2 cases can be treated alike from 


now on. 
Now al is always small because of the low line losses, so that for all 
practical purposes tanh al = al. Equation 20 hence becomes: 


By making use of eq 4, and taking advantage of the fact that / is an 
exact multiple of a quarter wave length, one has 


Zig BIZ Pa SZ mea 


So aR a Ia ~ Rnd Rae 


(21) 


This is the same as eq 8. 

Equation 9 is obtained by substituting in eq 21 the value of R 
given by eq 6 and the expression for Zp from eq 5a. The right-hand 
side of eq 9 is maximum when b/a = 9.2, and eq Ya represents eq 9 
for this optimum b/a multiplied by the factor F, which is the ratio 
of the impedance with the actual b/a to the impedance with opti- 
mum b/a. 

Equation 10 is obtained from eq 8 in the same way that eqs 
9 and Qa are, except that the expressions for R and for Zp now are 
given by eqs 7 and 5b, respectively, and the resistance must be 
multiplied by the proximity factor given in Fig. 2. The resulting 
equation becomes 


2 
pe ee) We b/a (22) 
— P 
a 
where P is the proximity factor and is a function of b/a. The 


right-hand side is a maximum when b/a = 8.0, and eq 10 merely 
represents the impedance with this optimum }/a multiplied by the 
factor G which is the ratio of the impedance for any desired b/a to. 
the impedance with the optimum b/a, b being constant. 


Appendix |l—Selectivity Equations 
for Resonant Lines 


The selectivity of resonant lines is determined by the variation of 


impedance as the frequency is varied about resonance. Consider, 
for example, eqs. laand 1b. These can be written 
oe Ze z Za 
* tanh (al + 761) ~~ tanh (al + j2zfl/c) 
and (23): 


Z, = Z, tanh (al + jl) = Zo tanh (al + j2zfl/c) 
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If f and / are such that the line is in exact resonance, then #/ is an 
exact multiple of r/2 and both equations become Z, = Zo/tanh al. 
Assume now that the frequency is off resonance by an amount 6f. 
In this case 


pl = a + j2nlof/c 


or 
th 

EE 5a] (24) 
tanh (at +79 e if) 

But as 6f and al are small, one can write 

MA, 

a Fal (25) 

as area 


This expression for impedance is of exactly the same form as the 
impedance of an ordinary parallel circuit about resonance. Thus 
the usual rule for determining Q may be applied, which is that when 
of is such that the real and imaginary terms of the denominator are 
equal, 


_ Resonant frequency 


of = 20 


Hence 


ze a aif 
Peaiosn” 2al/(Gnl/) ac (20) 


Substituting from eq 4 for a gives 
(27) 


For a concentric line eq 27 can be simplified by introducing eqs 
6 and 5a for R and Zo, respectively, with the result given in eq 11. 
The line proportion that makes Q in eq 11 maximum is b/a = 3.6, 
and eq lla merely gives the Q for this optimum proportion multi- 
plied by the factor H which is the ratio of Q for any value of b/a to 
the Q for optimum b/a. 

For a 2-wire line eq 27 can be simplified by following the same pro- 
cedure as for the concentric tube. Here the optimum proportions 
are for b/a between 3 and 4. Equation 12 is the result, where J 
is the factor corresponding to H, but on the assumption that the 
reference condition is b/a = 4. 


Appendix III—Voltage Step-Up Equations 
of Resonant Lines 


When the receiver is open and the line is an odd number of quarter 
wave lengths long (m odd): 


E+ = cosh (al + j6l) = cosh (al ey x) (28) 
= j sinh al 
since al is small we have 
tio = E, = i 
Step-up ratio = Bl ow 
_ 840f (29) 
Rune 
If the receiver is short-circuited, E, = J,Z sinh (al + jl) and the 
voltage at a voltage loop is /,Z,sinh [ + 7j6l — = = —jl,Z cosh 
(al + jl) 
cosh al 1 8Zof 
j oe 30 
Step-up ratio : Rae (30) 


The effective Q can be determined for this case as was done in 
Appendix II. We note in both open- and short-circuited receivers 
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that as the frequency is brought off resonance by an amount 6f 
the result is the same as in eq 25, and Q, hence, follows the same law 
for voltage step up as for lines operated to give high impedance. 


Appendix |!VW—Equations 
for Reactance Developed by Lines 


For short-circuited receiver eq 1 gives 


sinh 2a] + 7 sin 26] 


ANS EN ld es! CA Ue ops ae ree 7 GD) 
but as al is small, cosh 2al = 1, and sinh 2al = 2al. Hence 
_ 7 2al +jsin 26) _ al ; | 
Avie Or aca pee ES ree a oo 
Re (+) , 
= Tx + 420 tan (2 ~) (32) 
2f cos? 2x (5 ) 


In the case of an open circuit at the receiver the derivation follows 
the same steps, but starts with the general equation of sending end 
impedance for an open receiver. 


Appendix V—Selectivity Characteristics 
of Reactances Developed by Resonant Lines 


In the case of ordinary reactances the change cf reactance Ax 
produced by a fraction change of frequency Af/f is 


IN) SAC Sy (33) 
ij 

In the case of lines this simple relation no longer holds. Thus for the 

short-circuited receiver case of eq 16a 

X = Zo tan 2r (~) = Zo tan (=) (34) 

Z (2 x) 

dx PY Neo andes Sak MELAS (35) 

Sy Ate 0 I es hs Se ea TT ON 

df cos? 2nfl/c fos On (<) 

Hence 
2Qxl/d 6 

= aU Zo if (36) 


~ cos? (271/d) eo 


oes : l 
Multiplying both numerator and denominator by tan (2. 5) 
and reducing gives 


I 


rip Pcs EE LS (37) 
Ss 


An X 
eee) 
Comparison of eqs 33 and 37 immediately yields eq 18. The same 


result also will be obtained when this same procedure is applied to 
eq 16b. 
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Electron 


HE OBSERVATION By SAUL DUSHMAN 


discharge of negative 
electricity from the carbon 


Emission 


General Elec. Co., where 


dy, N. ¥ i 
Schenectady N = number of electrons per unit 


area per unit time 
number of electrons per unit 


n 


E . ’ H H volume in the metal 
filament of an incandescent Edison's observation of the discharge of ene eS eee 
lamp to an auxiliary anode negative electricity from the carbon fila- = 1871. % 10-18 ergs per dered 


in the bulb (Edison effect) j ill- If absolute temperature on Cen- 
fea Gerpiained until ment of an incandescent lamp to an auxili epee eee 
O. W. Richardson started ary electrode in the bulb, commonly m = mass of an electron 

he eo ; é ” . = 9.0 X 107-28 
his investigations at the known as the ‘Edison effect,’ remained Pa ey se he eystenvar lores 
beginning of ea peas unexplained until the beginning of the rithms 
Pri tincestcctons eee 20th century. Since that time, an entire ids ps nee gee 
metals (such as platinum new industry—radio—has grown up as a a constant for any metal, 
and sodium) and carbon result of continued research in the emission independent of 7, eq 1 may 


as emitters, A. Wehnelt 
showed (in 1905) that 


of electrons from hot cathodes. This article, 


be written in the form. 


metallic oxides. cuch as seventh of a series prepared under the J = 4V7«/7 ob) 
those of barium (Ba0O), sponsorship of the A.I.E.E. committee on where I is the electron cur- 
calcium (CaO), and stron- education, reviews some of the more im- rent per unit area, and a 


tium (SrO), also emit elec- 
trons at high temperatures, 


portant observations and conclusions ob- 


and b are constants for any 
given emitting surface. 


and Jentzsch (1908) made tained from investigations in this field. This is the form in which 


similar observations on the 

oxides of a great many 

elements. Between these dates and 1913 several 
workers in this field reached the conclusion that the 
observed emission is caused in all cases, by chemical 
effects of residual traces of gases, and that under 
better vacuum conditions the emission phenomenon 
would disappear. Furthermore, there appeared to 
be some valid experimental evidence for this point 
of view. However, with the publication (1913-14) 
by I. Langmuir of the results of his investigations 
on the electron emission from tungsten in high 
vacuum and his evidence of space charge effects 
under these conditions, the subject of thermionics 
entered a new stage of development of extreme 
importance both theoretically and practically. 

The past 2 decades have seen a veritable revolu- 
tion in many industrial operations, produced by the 
application of electronic devices of the most varied 
types. A whole new industry—that of radio—has 
grown up as a result of the investigations on the 
emission of electrons from hot cathodes and on the 
various methods by which these electrons may be 
controlled. 


EQUATIONS FOR ELECTRON EMISSION 


In his 1903 paper, Richardson developed an equa- 
tion expressing the variation in electron emission 
with temperature. Assuming that at any tempera- 
ture only those electrons are able to escape through 
the surface that have an energy in excess of a certain 
critical value, £, and, furthermore, assuming that 
the distribution of kinetic energies of the electrons 
in the metal is of the Maxwell Boltzmann type, 
Richardson derived the following emission equation: 

SPF E/RT 


N=n ea ( 
201m ; (la) 
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Richardson’s equation usu- 

ally is stated. It should 
be observed that the constant b corresponds to E/k 
in eq la. Now E can be expressed in terms of 
the voltage drop, ¢, through which an electron 
would have to be accelerated in order to acquire 
the kinetic energy, E, by the relation 


E = bk = ¢e 


where 

e = electric charge on an electron 
= 4.770 X 107! electrostatic units (e.s.u.) 
= 1.591 X 107!9 coulombs 


Hence 


o= (=) b 
e 
_ (1.371 X 10-8 x 300 
= (aes 2 oa) b (volts) 


= 8.62 X10 6 (volts) 


where the factor 300 is used to convert to the cus- 
tomary volts and b evidently is expressed in degrees 
K. The quantity ¢, expressed in volts, is known as 
the “work function” for electron emission. 

While Richardson had pointed out that an equa- 
tion of the form 


= AT? ¢~bo/T (2a) 


would be just as valid theoretically and would be in 
satisfactory agreement with observed data, it was 
shown subsequently by M. v. Laue (1918) and by 
the author (1922) independently that on the basis 
of the third law of thermodynamics and Planck’s 
theory of energy quanta, an equation of the latter 
type must apply, in which A is a universal constant 
defined by the relation 


2remk? 
as (3) 


A 
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where 
h = Planck’s constant = 6.547 X 10727 erg sec 
e, m, k have the same significance as in the previous equations 


The numerical value of the constant is 
A = 60.2 amp/cm? deg? 


More recently, it has been shown that this value 
of A ought to be multiplied by the factor 2 to take 
into account the fact, deduced from observations on 
atomic spectra, that the electron possesses a spin 
momentum. However, the actual emission data for 
certain special surfaces are in much better agree- 
ment, as is mentioned later, with the value 60.2 
than with this theoretical value 120.4. 

Equations 1b and 2a may be written in a form that 
is much more convenient for the actual calculation 
of the constants a and b or A and by. From these 
equations, it follows that in terms of ordinary 
logarithms 


1 b 
log I = 2 log T= log t= 3303T (1c) 
and 
ES Beto 
log I — 2 log T = log A 23037 (2b) 


Thus if log (I/-T) or log (I/T?) is plotted against 
1/T, the value of b or bp is determined from the slope 
of the straight line thus obtained, while that of a 
or A is determined from the intercept on the ordinate 
xis fOr). =-0: 

As an illustration of the method of applying eq Ic 
and 2b, Table I gives emission data actually obtained 
for a pure tungsten filament under excellent vacuum 


Table I—Emission Data for a Pure Tungsten Filament in a 


Vacuum 
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conditions. From a plot of these data, the following 
values of the emission constants were derived: 


A = 55.6 amp/cm? deg? 
jy) = 52,570 degrees 


The last column in Table I gives values of bo 
calculated for each temperature by assuming A = 
60.2 amp/cm? deg”. 

It is of interest to point out in this connection that 
on the basis of the new electron theory of conduction 
developed by A. Sommerfeld (1928) an equation for 
electron emission is derived identical with eq 2a 
with the modified value 2A as mentioned already. 
However, from actual emission data it has been 
found that: (1) in no case is the observed value of 
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the constant in agreement with this theoretically 
derived value; (2) for several pure metals, A has a 
value approximately equal to 60.2; and (3) for 
composite surfaces, such as thoriated tungsten and 
oxide coated cathodes, the observed values of A 
differ considerably even in order of magnitude from 
the theoretical value. It has been suggested, there- 
fore, that this difference might be ascribed to the 
existence of a reflection coefficient, 7, for the elec- 
trons. This would lead to a constant of the form 
2A(1 — r) in which 7 = 0.5. In a recent paper, 
J. A. Becker and W. H. Brattain have pointed out 
that the value of 7 is probably very small; they 
suggest that the discrepancy is attributable to the 
existence of a temperature coefficient for the work 
function. Thus further investigation still is required 
to determine the reasons for the fact that factor A 
as observed from emission data is different from the 
theoretical value 2A = 120.4 amp/cm? deg?. 


REQUIREMENTS FOR ACCURATE EMISSION DATA 


During the first decade of the investigations by 
Richardson, Wehnelt, and others on thermionic 
emission, considerable doubt was expressed by 
several other investigators regarding the existence 
of this phenomenon in such a good vacuum that the 
effect could not be ascribed to traces of residual. 
gases. This theory that electron emission results 
from chemical reactions between the metal and 
residual gases was held very widely, and it was only 
the epoch-making investigations of Langmuir that 
finally led to indisputable evidence for the existence 
of a thermionic emission per ipse. In this work, 
Langmuir developed a technique of producing and 
maintaining an extremely good vacuum (of the 
order of 10~° atmosphere) and also demonstrated 
that if care were taken to obtain a clean surface, 
absolutely reproducible emission data were obtained 
which could be represented satisfactorily by Rich- 
ardson’s equation. In the case of tungsten, which 
has an extremely high melting point (3,655 deg K) 
and a very low rate of evaporation even at 2,400 
deg K, ideal experimental conditions could be ob- 
tained both as regards extremely low pressures and 
clean surfaces. 

Under these conditions, Langmuir found (1913) 
that the electron current passing from a filamentary 
cathode to an adjacent anode (which, of course, 
was heated to a high temperature in a vacuum, in 
order to remove occluded gases and oxides) is limited 
by either of 2 factors: (a) voltage on the anode, 
or (b) temperature of the cathode. With the cathode 
at a definite and constant temperature, the electron 
current to the anode increases at first as the voltage 
is increased according to the “three halves power 
law,’ that is 


CV /t (4) 


However, this increase in electron current with V 
continues only until a certain limiting value, 7;, is 
reached which depends only upon the temperature. 
This is the saturation electron emission which is a 
function of the temperature and of cathode area only. 
It is this saturation current that obeys the Richard- 


son equation. As has been shown by Langmuir, 
the electron current is limited at the lower anode 
voltages by a space charge effect resulting from the 
repulsive forces between electrons in the space 
between the electrodes, and on the basis of Cou- 
lomb’s law, he was able to derive the conclusion that 
the relation between space charge limited current 
and anode voltage should be of the form stated in 
eq 4 where the exact value of ¢ is determined by the 
relative configuration and shapes of the electrodes. 
Thus for 2 infinite parallel planes separated by a 
distance x (in centimeters) the maximum current 
density i, (in amperes per square centimeter) is 
given by 
i233 105% Vi2/x? 


where V is the potential difference in volts. 
Similarly, for a filamentary cathode of radius a 

placed in the axis of a cylinder of radius 7, the maxi- 

mum electron current per unit length of time is 

given by 

i, = 14.65 X 10 V*/2/r 


for the case where 7 is more than 10 times greater 
than a. 

From these considerations, it is evident that for 
any given temperature of the cathode, the tempera- 
ture limited emission, 7;, may be observed only if 
the anode voltage is greater than the value defined 
by the relation 


V = (ig/o)/s 


corresponding to space charge limitation. 

As the anode voltage is increased beyond this 
value, there is observed a further slight increase in 
emission because of the increase of field strength at 
the cathode. A theoretical explanation of this phe- 
nomenon was suggested first by Schottky (1914) and 
hence it is known as the Schottky effect. According 
to this theory, the emission, zy, at any field strength, 
E, is related to the emission, 7%, at zero field strength 
(which is the value to which the emission equations 
apply) by the relation 


ere t88 VIE /T (5) 
Since for any given arrangement of electrodes E is 
proportional to V, eq 5 leads to the conclusion that 
at anode voltages in excess of those required to 
overcome space charge, log 1, should increase 


linearly with VV/T. For tungsten and similar 
pure metallic thermionic sources, it has been shown 
that eq 5 is valid over the range of voltages used in 
making observations on electron emission. There- 
fore, the emission at zero field strength, that is, the 
value to be used in eqs 1 and 2, is obtained from the 
straight line plot of log i, versus WV by extrapo- 
lating to V = 0. 

In the actual technique for obtaining accurate 
emission data, it is necessary to take care of the 2 
very important factors that influence the magnitude 
of the emission. The first factor involves pre- 
cautions regarding the removal of adsorbed and 
occluded gases from the emitting surface, and the 
maintenance of as nearly perfect vacuum conditions 
as possible. The second factor is the need of an 
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accurate temperature scale for the surface under 
investigation. A further point in connection with 
the accurate determination of the temperature is 
that regarding corrections for end-losses where 
filaments are supported by leads. Information on 
these topics is now available in several publications. 
Table II gives electron emission constants for 
some of the metals for which accurate values are 
available. Only values of A and bo are given, not 
those of a and b since nearly all investigators now 
use eq 2. The second last column gives the value 
of emission in amperes per square centimeter at the 
absolute temperature, 7, given in the last column. 


THORIATED TUNGSTEN CATHODES 


In 1913 Langmuir and W. Rogers discovered that 
by proper thermal treatment of a tungsten wire 
containing 1 to 2 per cent of thoria (ThO:) a very 
much higher electron emissivity could be obtained 
than that observed from filaments of pure tungsten. 
As was shown by Langmuir, this increased activity 
is due to the presence of a layer of thorium atoms 
adsorbed on the surface of the tungsten. The pro- 
cedure finally adopted for obtaining thorium emission 
is as follows: 


1. By flashing the filament for a minute or 2 at temperatures higher 
than 2,700 deg K, some of the thoria is reduced to thorium. Because 
of the high temperature any thorium atoms that diffuse to the sur- 
faces are immediately evaporated there, so that the emission is sub- 
stantially that of tungsten. 


2. If now the temperature is decreased to 2,000-2,200 deg K, the 
rate of diffusion is still quite high, but the rate of evaporation is 
decreased to such an extent that thorium atoms can accumulate on 
the surface as an adsorbed layer. 


In order to observe the rate at which the surface 
becomes covered with thorium atoms at these tem- 
peratures, the temperature is lowered at frequent 
intervals during the activation process to such a 
value (1,600 deg K or less) that the rate of diffusion 
also becomes negligibly small. In this manner a 
plot is obtained of emission at a given testing tem- 
perature as a function of the time at the activating 
temperature. Evidently such a curve should make 
it possible to calculate the rate at which thorium 
atoms diffuse to the surface at any temperature; 
similarly by means of a deactivation curve at tem- 
peratures between 2,200 and 2,700 deg K it should 
be possible, from a knowledge of rates of diffusion 
to the surface (as extrapolated from the values 
obtained at lower temperatures), to derive rates of 
evaporation of thorium atoms at different tempera- 
tures. 

The foregoing involves as a preliminary and 
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very essential step the derivation of a relation 
between the observed emission (which shall be indi- 
cated by 7) and the fraction of the surface covered 
with thorium atoms (@). Langmuir assumed a linear 
relation between log 7 and 6 and that 6 = 1 for 
maximum emission. On this basis he derived 
relations for the diffusion constant and rate of 
evaporation as a function of the temperature, T. 
However, as has been shown by the recent work of 
Brattain and Becker (1933) and confirmed by 
Langmuir (in a paper recently published in Physical 
Review), the assumption made by the latter in his 
1923 paper is not justifiable. It seems highly prob- 
able that the maximum emission (i,) is obtained 
for @ = 0.7 approximately. In view of the present 
uncertainty in the exact value of 6 for i = 1,, the 
method of interpretation suggested by Becker is 
_ very useful. According to the latter, the amount of 
thorium on a tungsten surface is defined by a quan- 
tity, f, and it is found empirically that if fis assumed 
to be 1 for 7 = 1, at any temperature, then the 
emission for any surface for which f lies between 0 
and 0.8 or 0.9 is given by an empirical relation of the 
form 

log 7 — log iw 


= = ORS 
log tm — iog tw WE OR ) 


where 


tw = emission from pure tungsten 
tm = Maximum emission from tungsten covered with thorium 


both measured at the same temperature. 

According to Brattain and Becker, the emission 
from thoriated tungsten as a function of f and T is 
given by the relation 


log (i/iw)r = 6.54k(1 — €~?-8/) 


where 


1 1 
= = Es > 2 eat eos 
k 1 (1.42 x 10 (iz ) 


The values thus obtained agree satisfactorily with 
those obtained previously by the author and Mrs. 
J. W. Ewald and lead to the values of A and 6p in 
eq 2a for different values of f shown in Table III. 
The fourth column gives the emission in amperes per 
square centimeter at J = 1,274, and the last column 
the logarithm of the ratio between the emission for 
thorium covered and pure tungsten at 7 = 1,274, 
for each value of f. While these values are based 


Table III—Emission Constants for Thoriated Tungsten Filaments 
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upon emission data taken with an applied potential 
of 100 volts, observations by Brattain and Becker 
indicate that both A and by increase with decrease 
in applied potential, the relative magnitude of this 
decrease being least for f = 1 (where there is prac- 
tically no change in A and only a slight increase in 
b between 100 and 10 volts) and greatest at f = 0.6 
and f = 0.3. 

It may be observed that for f = 1, at T = 1,274, 
the maximum emission from thoriated tungsten is 
105-6 = 5.75 X-105 times that of pure tungsten. 
At higher temperatures this ratio is lower, because 
of the difference in values of Do. 

With regard to the mechanism of diffusion of 
thorium, Langmuir points out in his most recent 
paper that ‘It seems reasonable to assume (on the 
basis of the results obtained by a number of investi- 
gators) that a large fraction of the thorium which 
arrives at the surface travels from the interior along 
grain boundaries, and then spreads out over the 
surface.” That is, at lower temperatures the coeffi- 
cient of diffusion along the surface of grains is con- 
siderably greater than that of diffusion from within 
the grains themselves. It is only at 2,300 to 2,400 
deg K and higher temperatures that the latter be- 
comes of importance in governing rates of deactiva- 
tion. Langmuir finds that the coefficient of surface 
diffusion and rate of evaporation of thorium from 
the surface are, in each case, functions of both f and 
IT’. Hence the conclusions given in the 1923 paper 
regarding the values of diffusion constants (which at 
that time were calculated on the assumption that 
diffusion occurs only in the solid lattice of tungsten 
atoms) and values of rates of evaporation must be 
disregarded in view of the more recent work. 

It should be noted in this connection that other 
rare earth oxides (such as those of cerium, lanthanum, 
yttrium, uranium, and zirconium) added to tungsten 
and molybdenum show characteristics similar to 
those exhibited by thorium on tungsten, but in none 
of these cases is the emission at any given tempera- 
ture as great. The emission phenomena for films 
of thorium on molybdenum are also quite similar; 
and while the emission per watt input is approxi- 
mately the same at lower temperatures as for thorium 
on tungsten, it is not possible to obtain as high 
emission at temperatures higher than 1,700 deg K 
on account of the extremely high rates of diffusion 
and of evaporation. 

The data given by Brattain and Becker show that 
for f = 2, the emission is approximately 1/1 of that 
observed for f = 1 and approaches very closely that 
obtained by Zwikker (1926) for solid thorium. 


OXIDE COATED CATHODES 


The oxide coated type of cathode, while of greatest 
importance from the technical point of view, pre- 
sents the most complex problems from the purely 
scientific point of view. As has been mentioned pre- 
viously, the emission from oxides of the alkaline earth 
metals (CaO, SrO, and BaO) was observed first by 
Wehnelt (1904). The high value for the emission per 
watt input together with the high absolute magnitude 
of the emission obtainable at temperatures at which 
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the life is very long, led to the adoption of this type 
of cathode in the various types of electronic devices 
useful in industrial applications. 

Various methods have been used for the prepara- 
tion of filaments coated with the oxides mentioned 
in the preceding paragraph and these are described 
in detail in technical literature (see bibliography at 
end of article). The present practice consists in 
general in the use of nickel, nickel alloy, tungsten, 
or molybdenum as core metal upon which a coating 
of either mixed oxides or oxide of barium is put in the 
form of carbonates or nitrates or a mixture of these. 
The water used in forming the coating, as well as 
some of the carbon dioxide and oxides of nitrogen are 
driven off by a preliminary heating in air; after the 
filament is introduced into the tube, the latter is 
exhausted well, following which the filament is sub- 
jected to a final activation process. During this 
treatment, combined carbon dioxide and oxides of 
nitrogen as well as residual water are driven off 
first so that the pure oxides are left. Then either 
the filaments are heated to a high temperature, which 
presumably causes a reduction of some portion of 
the oxides to their respective metals, or an electron 
current is drawn from the cathode by applying a 
rather high positive potential gradient. During this 
process the emission increases greatly and the treat- 
ment is continued until the maximum emission is 
obtained. As will be pointed out later, there are 
good reasons for assuming that during this treatment 
with anode voltage the oxides are decomposed elec- 
trolytically with formation of their respective metals 
at the surface of the core and subsequent diffusion 
of the metal atoms to the surface of the oxide. Often 
a combination of the thermal and electrical methods 
of activation is used. 

Before discussing the various views held regarding 
the exact nature of the emission phenomena and of 
the mechanism of activation, some of the actual 
emission data obtained with cathodes of the oxide 
coated type will be presented briefly. 

The behavior of these cathodes is so different 
from that of filaments of pure metals that it has 
been found very difficult to obtain precise data on 
emission constants comparable with those obtained 
for pure metals or even thorium on tungsten. The 
emission from oxide coated cathodes increases very 
rapidly with voltage, especially at higher tempera- 
tures, even when it is considerably below the limit 
set by space charge effects. Furthermore, the emis- 
sion is likely to change with time, and there are 
pronounced fatigue effects. Also the composition 
and mode of application of the materials used and 
subsequent activation treatment affect profoundly 
the maximum emission obtainable at any tempera- 
ture. In general, it may be stated that increased 
technical experience gradually has produced much 

more active filaments than those available at an 
earlier period. Thus, according to data published 
by H. D. Arnold (1920) the emission from a mixture 
of barium and strontium oxides at a temperature of 
1,000 deg K is about 10 X 10~* amp per square 
centimeter, while according to C. Davisson (1928) 
the emission from the same composition at the same 
temperature is about 100 X 107% amp per Square 
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centimeter. Rothe (1926) has published values of 
emission as high as 800 X 107% amp per square 
centimeter obtained at this temperature. Table IM 
gives a few of the more recent values of emission 
constants for oxide coated cathodes. As shown 
there, the work function for oxide coated cathodes 
is about 1 volt or even lower, while the values of A 
range from 0.24 to 10~*. 

Figure 1 shows a curve of log [/T? versus 1 / E for 
an oxide coated cathode calculated on the basis of 
the constants given by Davisson (1928). In the 
same figure are shown also similar curves for other 
emitting surfaces (including caesium on tungsten 
discussed in the subsequent section of this article). 
The upper limit of each plot (lowest value of 1/T) 
as is shown corresponds to the melting point in the 
case of pure metals or to the temperature at which 
the rate of evaporation of surface films becomes very 
high. 

sete a practical point of view, the efficiency of 
emission (milliamperes per watt) as a function of 
power input (watts per square centimeter) is of very 
great importance. Figure 2 shows (on specially 
designed cross section paper) the emission as a func- 
tion of power input for different oxide coated 
cathodes (curves A to D) and for thorium on tungsten 
and pure tungsten. Curve A corresponds to data 
obtained with the best of oxide coated cathodes in 
1923 and is taken from a paper published by R. W. 
King, of the Western Electric Company, while 
curve B corresponds to the data given by Davisson 
for oxide coated cathodes produced by the same 
company in 1928. The data used in plotting curves 
C and D were kindly furnished by G. R. Shaw, of 
the R.C.A. Radiotron Company, and correspond to 
the values for the emission observed on 2 different 
commercial types of radio tubes as made at the 
present time. 

Operating points in each case in Fig. 2 are indi- 
cated by circles. Thus thoriated tungsten cathodes 
are operated at about 25 ma per watt, while in the 
case of curves A and B the efficiencies obtained were 
about 50 ma per watt. The higher emission effi- 
ciencies shown in curves C and D are probably to a 
large extent the result of improved tube design which 
makes it possible to operate the filaments at a given 
temperature with a very much lower power input. 
Thus with an oxide coated filament an increase in 
temperature of about 300 deg C would cause approxi- 
mately a hundredfold increase in emission; therefore 
the higher emission observed on curves C and D 


Table IV—Emission Constants for Mixture of Barium and 
Strontium Oxides and Emission at 1,000 Deg K 
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could be accounted for by an increased temperature 
of operation at the same power input, as compared 
with previous tubes. 

In this connection it should be pointed out that 
the effect of plate voltage on the emission is much 
greater for composite filaments than can be accounted 
for on the basis of Schottky’s equation. As has 
been shown in recent papers by Langmuir and J. B. 
Taylor for caesiated tungsten, and by C. G. Found 
for oxide coated nickel cathodes, the zero-field 
emission for such cathodes is probably as small as 
10 per cent of the value obtained at zero field by an 
extrapolation, on the basis of Schottky’s equation 
from data obtained at higher voltages. For this 
reason it is impossible to give values of emission 
constants for thoriated tungsten and oxide coated 
cathodes that are quite comparable with those ob- 
tained for pure metal surfaces. 

The different views that have been advanced in 
order to interpret the activation and emission phe- 
nomena exhibited by oxide coated filaments will be 
considered next. Contributions toward the elucida- 
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Comparison of emission from coated fila- 
ments with that from pure metals 


tion of these phenomena have been made by many 
investigators whose views are not always in agree- 
ment. However, since the most thorough investiga- 
tions in this field have been carried out by J. A. 
Becker and his associates his conclusions will be 
summarized briefly in the following paragraphs. 
The emission is ascribed to ‘‘an active layer at the 
outer oxide surface.’”” This active material consists 
of metallic barium produced either by electrolysis 
of the oxide at the high temperature of activation or 
by chemical reaction between the oxide and the core 
material. The barium diffuses to the surface and 
forms there an adsorbed layer of ionized barium 
atoms (adions). These adions lower the work func- 
tion for emission of electrons ‘“‘which come from the 
underlying oxide.” On this basis: “One might 
reasonably expect the activity to increase at a rate 
which is much more than proportional to the con- 
centration of adsorbed barium, and that it might 
reasonably reach an optimum value for a monatomic 
layer before it decreases to its value characteristic 
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of solid barium. Of course, eventually as the con- 
centration of barium increases, the electrons must 
originate in the barium.”’ The activity thus depends 
upon both the concentration of barium on the surface 
and upon the amount of barium or other metal 
(such as nickel) dispersed through the oxide. Ac- 


Fig. 2. Emission 
from coated fila- 
ments as a func- 
tion of power in- 
put 


cording to Becker there is no valid reason for assum- 
ing that the electrons are emitted by a layer of 
barium adsorbed on the core and that these electrons 
then must pass through the oxide layer (thousands 
of atoms in thickness) in order to reach the outer 
surface. In support of this theory is the fact that 
oxygen decreases the activity of a coated filament, 
as well as the observations on the conduction phe- 
nomena in the oxide as determined by the quantity 
of electricity sent through it and by the temperature. 

The foregoing view accounts for the observed 
increase in emission with relatively high anode volt- 
ages (this causes the deposition of barium at the 
core by electrolysis and the metal diffuses subse- 
quently to the surface) and also for the decrease in 
work function during activation. At higher tem- 
peratures the barium evaporates from the emitting 
surface and leads to a deactivation of the latter. 
Furthermore, as shown by some recent work in the 
research laboratory of the General Electric Company 
by L. R. Koller, the barium may be sputtered off and 
made to deposit on an adjacent tungsten filament 
by positive ion bombardment. 

A great deal of stress has been laid by some in- 
vestigators, notably by Lowry, on the réle of core 
material. The latter has observed that oxide coated 
filaments having cores made of “‘konel’’ (an alloy 
consisting of nickel, cobalt, iron, and titanium) 
behave quite differently from filaments with other 
cores. There is considerable evidence for the con- 
clusion that in this case the barium is obtained by 
chemical reaction between the barium oxide and 
reducing metals in the alloy. According to Becker 
the differences in behavior of this cathode may be 
accounted for wholly by differences in rates of pro- 
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duction and diffusion of barium to the outer surface. 
For a similar reason, a core consisting of nickel to 
which a slight amount of metallic barium has been 
added also affects the rate of activation. 

From the foregoing it is evident that the oxide 
coated cathode resembles the thceriated tungsten type 
in many respects. In each case, increased activity, 
as compared with the core or pure tungsten, results 
from the presence of adions on the outer surface. 
These adsorbed ions are obtained primarily by de- 
composition of the corresponding oxide and second- 
arily by diffusion of the metal atoms to the surface. 
In both cases, the finally observed emission depends 
upon the concentration of adsorbed atoms or ions 
present on the surface, which in turn is governed by 
rate of diffusion to the surface and rate of evapora- 
tion from the surface. 


CAESIUM ON TUNGSTEN AND OXIDIZED TUNGSTEN 


Emission phenomena for monatomic films of 
caesium adsorbed on tungsten and oxidized tungsten 
were investigated first by Langmuir and K. H. 
Kington in 1923. At about 700 deg K, the emission 
from a filament of tungsten completely covered with 
a layer of caesium atoms is 10~* amp per square 
centimeter, which is about 10?° times that of pure 
tungsten at the same temperature. Denoting the 
fraction of the surface covered with caesium by 4, 
the value 6 = 1 is obtained in a bulb containing 
caesium at room temperature (0.10 mm vapor pres- 
sure) for temperatures of the tungsten filament as 
high as 800 deg K. At higher temperatures the 
value of 9 decreases because of evaporation of caesium 
atoms, and the actual value obtained varies with 
both the temperature of the filament and the pressure 
of the caesium vapor (that is, the bulb temperature). 

The following remarks on the emission phenomena 
exhibited by caesium films on tungsten are taken 
from a discussion by Langmuir (Industrial and Engi- 
neering Chemistry, v. 22, 1930, p. 390): 


“This remarkable case of adsorption has been found to be due to 
the tendency of caesium atoms to lose their valence electrons to the 
tungsten. The work necessary to remove an electron from a caesium 
atom is measured by the ionizing potential, 3.9 volts. The affinity 
of a pure tungsten surface or electrons is messured by the heat of 
evaporation, 4.52 volts. Therefore, when a caesium atom comes into 
contact with a tungsten surface, the tungsten captures the valence 
electron and leaves the caesium as an ion, which is then held to the 
tungsten surface because of the negative charge which it induces 
(electric image force). This is confirmed by the fact that these 
adsorbed films are not formed if caesium is brought into contact 
with thoriated tungsten having an electron affinity of only 2.9 volts. 

“Tf the filament temperature is high enough, the caesium ions 
evaporate from the filament as fast as the atoms strike the surface, 
but these ions are not formed if a fully thoriated surface is used. 
Thus with pure tungsten (or any material with electron affinity 
greater than about 4 volts, such as carbon, nickel, molybdenum, 
or platinum) the positive ion current that can be drawn with volt- 
ages great enough to overcome space charge is strictly independent 
of filament material or temperature (above a certain lower limit) 
or the electrode voltage, but is accurately proportional to caesium 
vapor pressure, ~, being in fact given by 


I = ep (2amkT) 72 


where J is the current density, e the charge of an electron, m the 
mass of the caesium atom, and & is the Boltzman gas constant. 
“The 2 curves marked ‘Cs-W’ in Fig. 3 [of this article] give the 
electron emission of pure tungsten filaments in presence of caesium 
vapor saturated at 20 deg and at 80 deg C. The falling off of 
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emission as the temperature is raised above 700 or 800 deg K is due 
to the evaporation of caesium so that @ progressively decreases. 

“When the current of caesium in the surface film is greater than 
corresponds to about 0 = 0.20, the electron affinity of the surface is 
less than 3.9 volts, so the caesium evaporates as atoms. Only at 
temperatures above about 1,200 deg K, when 0 has fallen to 0.2, 
do all the atoms leave the filament as ions.” 


In Fig. 3 is shown also the variation with bulb 
temperature and filament temperature of the emis- 
sion from a film of caesium on a tungsten filament 
that has been treated previously in oxygen to form 
an adsorbed layer of oxygen atoms. The latter 
stabilize, as it were, the caesium atoms on the surface 
and it is therefore possible to obtain higher emission 
from caesium on oxidized tungsten (Cs-O-W) than 
from caesium on tungsten (Cs-W) films. According 
to Kingdon the values of the emission constants for 
a completely covered surface of caesium on oxidized 
tungsten are: A = 0.001 amp/cm? deg’; by = 8,300; 
go = 0.695 volts. 

The emission of positive tons by the impact of 
caesium atoms on tungsten and other surfaces having 
a work function greater than 4 volts is an important 
effect. Similar observations have been made by 
T. J. Killian on the emission of positive ions from 
tungsten filaments in the vapors of rubidium and 
potassium, for which the ionization potentials are 
4.16 and 4.32 volts, respectively. 

Becker and especially Langmuir and Taylor have 
studied in great detail the evaporation of atoms, ion 
and electrons from caesium films on tungsten, as 
influenced by variations in @ and 7. From these 
observations the 2 last named investigators have 
been able to deduce several interesting conclusions 
regarding the rate of migration of caesium atoms on 
the surface (surface diffusion) and the nature of the 
forces acting between atoms in an adsorbed film. 


EFFECT OF GASES AND POSITIVE ION BOMBARDMENT 


The effects of gases on the emission are of a two- 
fold nature: Firstly, they may form adsorbed mono- 
molecular or monatomic films on the surface of the 
cathode. Secondly, and especially with anode volt- 
ages in excess of a certain critical value (which varies 
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with the nature of the gas), positive ions are formed 
which sputter atoms off the surface of the emitter 
and thus may decrease the emission considerably. 
The first type of effect is illustrated by the observa- 
tions on the enormously decreased emission from 
tungsten, thoriated tungsten, and other metals in a 
low pressure of oxygen, while the second type occurs, 
for instance, when an oxide coated or thoriated 
tungsten cathode is operated with an anode voltage 
in excess of about 30 volts in a low pressure of a rare 
gas such as helium, neon, or argon. 

In a review such as this it is possible to refer 
briefly to only a few of the gas effects that have been 
observed, although the number of investigations 
dealing with this topic is quite extensive. (A sum- 
mary of this work has been published by K. Becker 
in Phystkalische Zeitschrift, v. 32, 1931, p. 489-507). 

Oxygen on tungsten forms adsorbed layers which 
are quite stable up to temperatures of 1,800 deg K, 
and decreases the emission to about 10~* of its value 
for the pure tungsten surface. This gas also de- 
creases the emission from monatomic films of thorium 
and barium (as in oxide coated filaments) by forming 
adsorbed layers which are extremely difficult to 
remove. The work functions for such adsorbed 
films are very much higher than for the uncon- 
taminated surfaces, increasing in the case of oxygen 
on tungsten to 9.26 volts, and in the case of oxygen 
on barium to 3.1 volts. 

Carbon monoxide and carbon dioxide behave quite 
similarly to oxygen. The emission from tungsten is 
unaffected by nitrogen if low anode voltages are used, 
but is decreased by the use of higher voltages because, 
as shown recently by Langmuir, active nitrogen is 
formed which liberates oxygen from oxides on the 
leads and filaments. However, Kingdon has shown 
that in case of thoriated tungsten, nitrogen at a 
pressure of 0.0001 to 0.005 mm causes approximately 
a fivefold increase in emission. 

In the case of metals that form nitrides and oxides 
(tantalum, zirconium, and hafnium) adsorbed films 
of oxygen and nitrogen decrease the emission, and it 
is therefore necessary to heat these metals to as high 
a temperature as possible for a long period in order 
to obtain the lowest values of work function (and 
highest emission). In all these cases it has been 
observed that the value of the constant A also de- 
creases during degassing. In fact, as has been 
pointed out by L. Du Bridge, there seems to exist a 
linear relation between by (or ¢o) and log A. How- 
ever, the decrease in A is negligible in its effect on 
the observed emission as compared with the increase 
in emission due to decrease in bo. ; 

The effect of hydrogen on the emission from plati- 
num was investigated first by Richardson in his 
earliest work, and has been studied more recently by 
Du Bridge. This metal absorbs hydrogen very 
readily, and at 1,033 deg C, 100 g may contain as 
much as 0.021 mg of hydrogen. As the gas is elimi- 
nated by continued heating, the electron emission 
decreases continuously and ¢y increases from 4.7 volts 
to 6.27 volts for a well degassed sample. Tantalum 
shows similar behavior to platinum, in respect to 
both absorption capacity for hydrogen and the effect 
of the gas on the emission. 
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Iodine, phosphorus vapor, and similar electro- 
negative gases decrease the emission from metals 
because of formation of adsorbed films of high work 
function. On the other hand, as mentioned already, 
vapors of the alkali metals increase the emission 
from metals of high work function by forming ad- 
sorbed layers having lower work functions. 

The effects of bombardment by positive ions vary 
with the nature of the gas and that of the surface. 
In the case of pure metals, such as tungsten, molyb- 
denum, and others, bombardment by positive ions 
of rare gases has no effect on the emission, but causes, 
of course, a mechanical disintegration of the cathode. 
As shown by Kingdon and Langmuir, positive ions 
of the rare gases and of caesium and mercury, remove 
adsorbed thorium atoms from a thoriated tungsten 
filament when the energy of the ions exceeds 50 volts, 
and A. W. Hull has observed (1928) that in this case 
a threshold voitage exists for each type of ion below 
which sputtering does not occur. Similar observa- 
tions also have been made on oxide coated cathodes. 
It is this fact that has made possible the development 
of hot cathode gaseous discharge lamps such as those 
containing neon and sodium vapor. 


EFFECT OF INTENSE ELECTRIC FIELDS 


The effect of fields of low intensity has been dis- 
cussed in a previous section of this article. The in- 
terpretation given by Schottky is that the emitted 
electrons are attracted to the surface by image forces. 
While his equation is found to be valid for pure 
metal surfaces, deviations are observed at low field 
strengths in the case of composite surfaces; Becker 
and D. W. Mueller have ascribed these results to 
the superposition of a Schottky image force field 
and a field caused by the layer of adsorbed atoms. 
The possible causes of these observations have also 
been discussed by K. T. Compton and Langmuir 
without reaching any definite conclusion. 

Under the action of very intense fields of the order 
of 10° to 10’ volts per centimeter, it has been shown 
that emission of electrons occurs even with the 
cathode at room temperature. This is known as 
the ‘“‘cold cathode effect” or ‘“‘autoelectronic’’ emis- 
sion, and is observed with moderate anode potentials 
(1,000 to 10,000 volts) when a fine point is used as 
cathode. Empirically it is found that the emission 
varies exponentially with the field strength. An 
interpretation of the phenomenon has been given by 
R. H. Fowler and L. Nordheim (1928-9) on the basis 
of the theory of wave mechanics. 

According to the classical point of view, the elec- 
trons in a metal at room temperature are prevented, 
because of their low kinetic energy, from leaving the 
surface by a potential barrier corresponding to the 
work function for emission. At higher tempera- 
tures, more and more electrons acquire sufficient 
kinetic energy to pass over this barrier, and hence 
follows the observed increase in emission with tem- 
perature. According to the new point of view, an 
intense electric field decreases the width of the 
potential barrier so that it becomes possible for an 
electron of low kinetic energy to penetrate it. The 
probability of the occurrence of this “‘tunnel effect’’ 
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increases rapidly with field strength and therefore it 
becomes possible to obtain emission at temperatures 
as low as room temperature if the field be increased 
sufficiently. This is a crude explanation of a phe- 
nomenon of which a more accurate discussion would 
require a great deal more space. 

The relation derived by Fowler and Nordheim is 
of the form 


CF? 5 —1,°/2/F (6) 
V ¢0 


where C and ¢ are material constants, F is the field 
strength and ¢ is the work function as determined 
from the variation in emission with temperature. 
Experimental data have been shown to be in sat- 
isfactory agreement with this theoretically deduced 
relation. 


T == 


CONCLUDING REMARKS 


Obviously, in an article of this length it has been 
possible to present only some of the more important 
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Arcover in Air 


Although much is yet unknown about the 
many factors concerned in insulator arcover, 
humidity tests presented here lead to a 
theory of arcover. The geometrical design 
of the insulator is shown to be a minor fac- 
tor at power frequencies, but of importance 
for withstanding impulse voltages. 


By 
fr W. MAXSTADT California Institute of 
MEMBER A.1.E.E. Technology, Pasadena 


I. many respects, the old [problem of 
insulator arcover is in the same state of solution 
after nearly 40 years as it was in the early days of 
high voltage apparatus construction, for satisfactory 
explanations of some of the observed phenomena 
still are lacking. In this paper it is shown from test 
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observations and conclusions that have been ob- 
tained from investigations in this field. No mention 
has been made of the relation between thermionic 
and photoelectric effects, and only a brief reference 
has been made to the phenomena of positive ion 
emission. For a more complete discussion of these 
topics as well as of those touched upon in the present 
summary, the reader may consult the following 
references: 

1. O. W. Richardson, Thermionic Emission, Longmans, Green and Company, 
London (1916). 


2. S. Dushman, Reviews of Modern Physics, Vol. 2, 381 (1930). 
the subject up to that date. 


A review of 


3. W. S. Stiles, Department of Scientific and Industrial Research, Special 
Report No. 11, London, England, 1932. “‘A survey of existing knowledge 
(on thermionic emission) with particular reference to the filaments of radio 
valves. 


4. K. T. Compton and I. Langmuir, Review of Modern Physics, 3, 191 (1931). 
A review of gas discharge phenomena in general, including some of the topics 
discussed by the writer. 


No mention has been made of the numerous 
treatises in German, especially that by Schottky, 


but references to these are given in the publications 
mentioned. 


results that atmospheric humidity affects the arc- 
over strengths of insulating materials in a somewhat 
erratic manner and quite independently of whether 
the material is hygroscopic or ‘“‘greasy.’”’ Other 
factors that have large influences are enumerated 
and explained, and insulators whose arcover strengths 
are independent of humidity are described. A 
theory of arcover is offered, and test data obtained 
with continuous and impulse voltages, as well as 
with alternating voltages, are presented. Labora- 
tory tests of commercial insulators are analyzed and 
correlated with the fundamental properties of the 
insulations. Briefly, it is shown that: 


1. Atmospheric humidity may reduce the arcover strength of a 
clean, smooth surface to 1/; of the breakdown strength of the parallel 
path in air. The remedy is to break up the smooth surface into 
several shorter lengths by means of ribs or flanges of the same in- 
sulating material. If the flanges are spaced uniformly and sufficiently 
close together, they may offset entirely the effect of the atmosphere. 


2. Correction of test data to ‘‘standard conditions’’ by means of the 
air density 6, whether necessitated by pressure or temperature 
differences from standard, is likely to lead to error if a linear relation 
is assumed, 


3. Dirt, salt, water, and other semiconducting coatings give a real 
significance to surface resistance, but the latter need be calculated 
only as a length divided by circumference, integrated over the entire 
surface, instead of in actual ohms which may vary over a wide range 
and not affect the arcover strength. 


4. Commercial insulators of approximately 1-ft arcing length have 
a 60-cycle arcover voltage when clean and dry of somewhat more 
than 1/, the ideal puncture voltage of a 1-ft air gap between plate 
electrodes. Suspension insulators of 12-ft length tested horizon- 
tally by Angus”? have an arcover strength of only 1/; of that for the 
ideal air gap. One may obtain the ideal value for air by extrapolat- 
ing the upper curve of Fig. 3. If transmission line voltages are to 
be pushed to considerably higher magnitudes than at present, some 
advantage no doubt will have to be taken of the greater. arcover 
strength obtained by providing a uniform field in the neighborhood 
of each insulator. Another improvement can be obtained by more 
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closely spaced flanges, and the direct wetting by rain may need to be 
prevented. 


5. Although impulse voltage searches out to a considerable extent 
certain weaknesses in insulator design, it is well to recognize that the 
numerical value usually exceeds the 60-cycle arcover voltage; 
hence, in the end, the latter may be the critical one. j 


6. Laboratory test reports should be more complete, including such 
essential information as the rating of the testing source and its 
impedance, and the protective resistance in series with the insulator 
under test. It is believed that many discrepancies will be ex- 
plainable if this procedure is followed. 


AN UNEXPLAINED PHENOMENON 


As an example of one of the unexplained phe- 
nomena, 2 metal plates, Fig. la, approximately flat 
but with smoothly rounded edges, and supported 
parallel to each other 1 cm (0.394 in.) apart, can 
withstand an alternating or a continuous voltage 
having a maximum value of 30 kv before a spark 
will pass between the plates. (Crest values of 
alternating voltage will be used exclusively herein 
in order to facilitate comparison. with continuous 
and impulse voltage tests.) A piece of insulation 
carefully shaped into the form of a right cylinder i 
cm long and placed between the plates, Fig. 1b, 
although theoretically having no disturbing influence 
on the electric field, wili be found by test to have 
reduced the breakdown strength of the gap to per- 
haps 15 kv or less. A satisfactory reason for this 
behavior is not obvious, and in fact is not known. 


SURFACE EFFECTS 


By means of the simple testing apparatus of Fig. 
1 such uncertainties as nonuniform voltage distribu- 
tion over the insulator surface, electric field dis- 
tortion in the medium outside, corresponding field 
distortion inside the insulation material, and the 
influence of parasitic capacitance are eliminated. 

Atmospheric humidity has become recognized as 
an important factor in the arcover strength of most 
insulation, but the exact degree of its influence is 
uncertain. Figure 2, curves A to G, gives results 
obtained by 2 different investigators**® who used 
alternating voltages of power frequency. Space 
does not permit a full discussion of the advantages 
of plotting relative humidity as a codrdinate in 
place of one or other of the absolute humidity scales. 
The chief reason for its use here is to avoid the dis- 
continuity above 100 per cent humidity that is always 
bothersome with an absolute scale. A check of 
the values of Fig. 2 in the laboratory yields points 
well scattered over the area included between the 2 
sets of curves, most points, however, lying in the 


3. For all numbered references see bibliography at end of paper. 


Fig. 1. Spark gap 
with plane parallel 
electrodes (a); 
and (b) same gap 
with insulation 
sample in place a b 
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lower part of the area. It was not possible to dupli- 
cate Ritz’s curves A to C which are higher than those 
obtained by any other experimenter, and there is 
reason to believe that they are peculiar to his ap- 
paratus, which was mechanically the most perfect 
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Fig. 2. Effect 
of relative hu- 
Aare 0 
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over strength - PER CENT RELATIVE HUMIDITY 
Curve A. Paraffine right cylinder, Rogowski? electrodes, 


sparking distance 3.0 cm 50 cycles, series resistance 400,000 

ohms, 45 to 20 deg C, 76 cm, absolute humidity constant at 

1.8 cm mercury; from Ritz.* The uppermost horizontal line 

of curves A, B, and C corresponds to the strength of the air 
gap alone 

Curve B. Glass right eon conditions as for A; from 

itz 

Curve C. Bakelite right cylinder, conditions as for A; 
rom Ritz 

Curve E. Paraffine right cylinder, flat electrodes with 

rounded edges; sparking distance 3.0 cm, 50 cycles, 20 deg 

, 76cm; from Schwaiger® 


Curve F. Glass and unglazed porcelain right cylinders, 
conditions as for E; from Schwaiger 
Curve G. Shellac right cylinder, conditions as for E; from 


Schwaiger 
Points, Group H. Paraffine right cylinder, flat electrodes with 
curved edges of 20 cm radius; sparking distance 3.0 cm, 20 
deg C, 76 cm. Upper point, surge voltage (wave form not 
given); middle point continuous; lower point 50 cycles; 
from Inge and Walther! 
Points, Group J. Glass right cylinder, conditions as for H; 
from Inge and Walther 


of all. A very elaborate test was made on heat- 
resistant glass in which the sample after first being 
baked in a vacuum at 300 deg C for 2 hours was next 
supplied with air at atmospheric pressure in the 
same apparatus. The air before being admitted was 
dried carefully by freezing at liquid air temperature. 
An arcover strength of this sample equal to the 
strength of the air gap alone was observed. This 
and a somewhat similar test made by Inge and Wal- 
ther! seem to be the only results thus far obtained 
agreeing with Ritz’s extraordinary observations, and 
even then his unusually high figures were not checked 
at humidities other than zero. 

Such surface characteristics as roughness, oiliness 
and absorptiveness have no important influence on 
arcover strength. Tests show conflicting results, 
but these easily may be attributed to other effects. 
Rice!’ found that surface coatings of oil, grease, or 
varnish on insulation give rise to improved arcover 
strength, but there are too many other factors in- 
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volved in such experiments to lay much stress upon 
the results. 

The terms ‘“‘surface resistance’ and “‘creepage 
distance’ have been shown definitely to have no 
meaning in the “dry” arcover behavior of insulation, 
i. e., in the range of 0 to 100 per cent relative humid- 
ity, so long as no droplets of liquid appear on the 
surface of insulator or electrodes. The situation, 
however, is entirely different for wet, dirty, or salt- 
coated insulation according to Wood}, who defines 
surface resistance as the integrated length-divided- 
by-circumference and proves it to be a practical 
measure of the arcover strength of complicated 
commercial insulators salt-coated. Tests in the 
high voltage laboratory of the California Institute 
of Technology on simple right cylinders coated with 
salt gave the same arcover potential per unit re- 
sistance as obtained by Wood. 


‘ 


DETAILS OF THE TESTING GAP AND TESTING CIRCUIT 


Electrodes of accurately flat form are unsuited 
to this type of arcover test because they produce an 
excessive stress in the air near their rounded edges. 
A much better contour has been suggested by 
Rogowski.? It is the same as an equipotential sur- 
face in the field between 2 thin flat sheet electrodes 
and was so chosen that the maximum stress in the 
air is nowhere appreciably greater than in the useful 
part of the gap. One such surface can be generated 
by rotating about the y axis the plane curve 


© = 0.2385d [ 2.3026 loz }4.83,5{ _ =)t 


where x and y are the ordinary variables and d is 
the desired length of spark gap in the same units. 
For other suitable equipotential curves the reader 
is referred to theoretical works on electrostatics. 
In order to complete the electrode its thickness should 
be made about 1.5d, and a plane back may be used 
or the inside bored out to reduce the weight if of 
large size. It must be polished carefully and so 
maintained for all tests. The finished electrode 
resembles a door knob and may be used without 
great error for spark gaps from !/d to 2d. 

The mechanical fit between electrodes and insula- 
tion is of the utmost importance. Practically the 
whole range of observed arcover strengths, for a 
given relative humidity, Fig. 2, can be obtained by 
changes in the perfection of the fit between sample 
and electrodes, especially at the cathode. Ritz? 
secured test pieces made with optical precision and 
reports the best arcover strengths that have been 
observed below 70 per cent humidity, as shown by 
Fig. 2. Wax and oil as filters for the spaces left by 
poorly made ends of specimens are of little or no 
value because of their low dielectric constants. 

Analogous to the Wagner‘ effect of protecting 
solid insulation from puncture by using high re- 
sistance electrodes is the insertion of resistance or 
reactance into the testing circuit to prevent arcover. 
Different experimenters use large, small, or medium 
capacity sources of voltage according to the avail- 
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able facilities in their respective laboratories. The 
results should not be expected to be comparable and 
can be compared legitimately only when all testing 
conditions are known, including impedance of the 
test circuit. 


GEOMETRICAL FACTORS AND ATMOSPHERIC DENSITY 


The free length has a strong influence on the arc- 
over gradient. The upper curve of Fig. 3 shows how 
the breakdown strength of the spark gap alone varies 
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Effect of sparking distance upon arcover 
strength 
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Fig. 3. 


Lower Curve. Glass, ‘‘pyrex’’ and porcelain rightcylinders be- 
tween polished flat electrodes, relative humidity 60 per cent, 
temperature 20 deg C (approx.), barometer 76 cm, 50 cycles. 
Upper Curve. Air only, between polished flat electrodes. 
Left end from experiments of Liebig® with plane to sphere as 
electrodes (corrected for curvature of sphere). Middle from 
Ritz* 1932, Rogowski electrodes. Right end from Schumann,’ 
flat electrodes with long radius edges 


with the sparking distance. The lower curve shows 
the nice manner in which the arcover strength of a 
solid under constant atmospheric conditions parallels 
the curve for air alone. 

The relative diameter of the specimen has no in- 
fluence except that very slender fibers show some- 
what higher arcover voltages than a larger cross 
section of the same material. Strips of paper tested 


‘in the long direction had arcover strengths prac- 


tically equal to that of the gap alone. 

Atmospheric pressure and temperature different 
from standard conditions usually are corrected for 
by the use of a relative air density factor 6 which is 


3.926 h ee oe tri : : 
273 + 4 Where o is barometric pressure in centi- 


meters of mercury and / is temperature in degrees 
Centigrade. It assumes linear variations of both 
effects. In Figs. 4a and 40 it is shown clearly that 
even for the breakdown strength of air alone the 
pressure effect is not linear and for arcovers it may 
be far from linear. Fig. 4c shows that the tempera- 
ture effect curves bend the other way, hence a cor- 
rection in which both temperature and pressure 
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change 6 in the same direction and by similar 
amounts is fairly accurate, but considerable error 
will be made under other circumstances. 

A complete set of curves for correction to standard 
temperature and pressure would be quite laborious 
to make or use, and other influences of uncertain 
nature cause individual readings to vary from each 
other by margins large enough to discourage at- 
tempts at great precision in calculations. It is 
recommended, however, that arcover data not be 
corrected to standard conditions, but, instead, 
presented as obtained. P 


A THEORY OF INSULATOR ARCOVER 


The surface of a solid object is not what the eye 
sees, but rather a molecular pattern against which 
gas molecules from the surrounding atmosphere 
are held in corresponding pattern. The succeeding 
layers in the direction away from the solid differ 
little by little until they merge with the atmos- 
phere itself, but the lowermost layers of gas mole- 


Table I—Arcover Strength of 7.6-cm Bakelite Rod, 260 
Threads Per Inch, With Varying Relative Humidity 
Temperature 20-992 deg C, barometer 74 cm, protective resistance 2 


megohms, flat electrodes with curved edges, 50 cycles, transformer 
impedance 10,000 ohms 


Crest Crest Per Cent 
Voltage, Gradient, Relative 
Ky Ky Per Cm Humidity 
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* Arc struck along the sample. 
** Distilled water sprayed on sample previous to applying voltage. 
on both sample and electrodes. 
{ After drying for 1 hour in humidity as shown. 
t Sprayed again more lightly with distilled water. 


Droplets 


cules are as dense as though at a pressure of several 
hundred atmospheres 

Langmuir’ and Davisson and Germer® have given 
a great deal of information regarding such adsorbed 
layers of gas molecules. Most significant for present 
purposes is that a ‘“‘clean”’ surface of glass in contact 
with the ordinary atmosphere holds to itself 100 
times as many water as nitrogen molecules. 

Glass is soluble in water, especially in the presence 
of carbon dioxide. Here, then, is the source of an 
electrolyte covering the surface of the glass insulator. 
This is confirmed by an experiment in which a glass 
specimen was washed thoroughly by rubbing with 
water and a mildly abrasive soap (such as mechanics 
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use to clean the hands), after which it was dried in 
paper towels and not touched by the fingers. For 
3 days it withstood an atmosphere of 85 to 90 per 
cent humidity without appreciable reduction in arc- 
over strength; but finally the attack of the atmos- 
phere aided by the heat of the ares which occurred 
during the tests brought about the usual surface 
conditions and the arcover strength was reduced to 
that normally observed. A freshly drawn fiber of 
glass did not come to equilibrium with the atmos- 
phere for about 24 hours. 

The physical picture, then, of insulator arcover 
is that of a surface thinly covered by electrolyte. 
The applied voltage drives a current through the 
conducting medium, causes local heating, violent 
evaporation in patches and consequent alternate 
areas of high and low resistance. Arcs begin in the 
high resistance areas long before an arc would form 
simultaneously over the entire surface. When once 
an arc has formed, complete breakdown soon follows. 
Impulse arcover voltages are always higher than 
continuous or 60-cycle alternating voltages, and it 
may be assumed that the time-consuming nature of 
evaporation is an explanation of this. 

That insulations other than glass behave similarly 
makes one search for another source of surface elec- 
trolyte. Minute dust particles, carbon dioxide from 
the air, and foreign substances not previously re- 
moved from the surface of the specimen are no 
doubt sufficient. 

A bad mechanical fit between specimen and elec- 
trodes, especially at the cathode where spark forma- 
tion always begins (according to Dunnington’s!? 


Table Il—Arcover Strength of 9.1-cm ‘‘Pyrex’® Rod, 260 
Threads Per Inch, With Varying Relative Humidity 
Temperature 16-19 deg C, barometer 75 cm, protective resistance 


90,000 ohms, flat electrodes with curved edges, 50 cycles, transformer 
impedance 10,000 ohms 


Crest Crest Per Cent 
Voltage, Gradient, Relative 

Ky Kv Per Cm Humidity 
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* Arc struck along the sample. 


visual tests), affords air space where corona or a 
spark is sure to form at a voltage lower than the 
full strength of the test gap. Even an incipient 
spark, caused by short-circuiting part of the useful 
length of a specimen, can precipitate a complete 
arcover at subnormal voltage. 


AN APPLICATION OF FUNDAMENTALS 


That the shorter is the striking distance, the greater 
is the unit strength of an insulator surface is shown by 
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Effect of relative air density 
upon arcover strength 


Fig. 4a. 


Constant temperature 20 deg C; 50 cycles 


Curve Air only, sparking distance C 
1.0 cm, flat electrodes with curved edges of cers ski 
20 cm radius from Inge and Walther Gute aes) 
Curve B. Pyrex right cylinder, sparking : : 
distance 0.73 cm, flat electrodes with Gaus Rese elec Oe: 
rounded edges, relative humidity zero NN a e 


(approx.), series resistance 90,000 ohms, 
including transformer 
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Fig. 4b. Effect of relative air density a 
upon arcover strength 


Constant temperature 20 deg C; 50 cycles 
Air only, sparking distance 0.3 
electrodes; 
Air only, sparking distance 1.0 


rubber 
sparking distance 0.3 cm, relative humidity 
zero (approx.), Rogowski electrodes; from 
Reher 


E 0 
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Fig. 4c. Temperature effect of rela- 


; cel tive air density upon arcover strength 
rom Reher?® 
Constant barometer 76.0 cm, 50 cycles 


Curve A. Aijir only, sparking distance 1.0 
cm, Rogowski electrodes, series resistance 
120,000 ohms 
Curve B. Pyrex right cylinder, sparking 
distance 0.73 cm, flat electrodes with 


from Reher 
right cylinder, 


ieee Paeaia st cnicely | sarkib8 Curve E. Glass right cylinder, sparking rounded edges, relative humidity zero 
Per ee lace eirclative. humiditys.zero distance 1.0 cm, relative humidity zero (approx.), series resistance 90,000 ohms 
hae (approx.), values extrapolated from the Curve Pyrex right cylinder, sparking 


(approx.), series resistance as for B 
Curve E. Glass right cylinder, sparking 
distance 1.0 cm, flat electrodes with curved 
edges of 20 cm radius, relative humidity 
zero (approx.), from Inge and Walther 
Curve F. Glass right cylinder, sparking 
distance 3.0 cm, flat electrodes with 
curved edges of 20 cm radius, relative 
humidity zero (approx.), from Inge and 

Walther 


Fig. 3. Rice’? made use of this fact by stacking 
alternate glass and metal disks, the latter larger in 
diameter, forming several high strength samples in 
series, with electrodes between. He soon discovered, 
however, that alternate glass disks are better. There 
were 2 defects in his model. The glass disks were not 
flat enough to fit together well and they were too 
thick (1/;, in.). Tables I and II give test results 
for a bakelite and a “‘pyrex’’ rod, respectively, each 
having cut on its surface a screw of 260 threads per 
inch (102 per centimeter) for the entire length. 
Both ends carefully were fitted to the electrodes. 
The arcover potential per unit length of each is prac- 
tically independent of humidity, showing the effect 
of flanges breaking up the surface into short lengths. 
Flanges provided on commercial insulators have a 
similar function: When the insulator is clean and 
dry they break up its length into many shorter 
insulator surfaces in series, the flanges themselves 
acting as new electrodes. The effect of flanges is 
quite different when the insulators are wet or dirty: 
They then serve to increase the surface resistance as 
previously described under “‘surface effects’; thus 
they have a double duty. 

It is now easy to set up a rule for the best spacing 
of flanges. First determine the total length of the 
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works of several investigators 


distance 2.62 cm, flat electrodes with 
rounded edges, relative humidity 40 per 
cent 
Curve E. Temperature deg C _ against 
relative air density, for convenience 


surface between the nearest electrodes. Find the 
arcover kilovolts per centimeter from Fig. 3 for the 
air gap alone of that length; multiply the value thus 
found by 3 and find on the same curve the cor- 
responding length. It is the best spacing of flanges. 
As an example, suppose the distance between elec- 
trodes is 6 in. (15 cm). The corresponding unit 
strength of the air gap is 26 kv per centimeter, and 
3 X 26 = 78. The length of air gap having 78 kv 
per centimeter breakdown strength is 0.015 cm or 
0.006 in. It would be difficult to provide ribs or 
flanges at such minute spacing; hence it must not 
be expected that commercial insulators will have the 
same arcover strength as an equal length of air gap. 
The ratio 3 as just used is obtained from Fig. 2 in 
which the arcover strength for 100 per cent humidity 
is about !/; that for the air gap alone. 

Brasch and Lange” used the principle of uniformly 
spaced flanges in the construction of a 2.4-megavolt 
vacuum tube. Ritz? found that laminated paper 
rods in which the sheets were perpendicular to the 
axes had arcover strengths equal to the air gaps 
even in an atmosphere of 100 per cent humidity. 
Cotton tapes and string show similar properties. 

A much more easily constructed test arrangement 
than those previously described and one which has 
many of the properties of a commercial pin or even 
suspension insulator was reported by Littleton and 
Shaver.'® It consists of a rod of the test insulation 
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Table IIl—Influence of the Intervening Insulation Upon the Dry Arcover Voltage of 2 Similar Shield Rings 


Diameter of rim material 21/2 in., outside diameter of entire ring 29 in., 
transformer 1,000 kva 1,000 kv, 


depth of ring fastening below rim 6!/2 in., protective resistance zero, 
50 cycles, 16 per cent impedance 


Minimum Crest 


L Per Tempera- 
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Fig. 5. Effect of atmospheric humidity upon the 
arcover strength of 3 types of commercial insulator; 
also rods with wire electrodes 


o Glass rod 11/16 in. diameter; No. 8 AWG copper wire 
electrodes spaced 11.6 cm, 19 to 20 deg C, 74.5 cm mercury, 
50 cycles 
A Pyrex rod 0.90 in. diameter; No. 6 AWG copper wire 
electrodes, spaced 35.5 cm, 21.7 to 30.2 deg C, 76.0 cm, 
60 cycles; from Littleton and Shaver® 
X Suspension string of 3. 10-in. units, dry striking distance 
49 cm, 25 deg C, 76.0 cm, 60 cycles; from Peek® 
(1 Apparatus bushing (not oil filled), bare conductor in 
place; striking distance 80 cm, wet or dry, 25 deg C, 76.0 cm, 

60 cycles; from Frey and Hawley” 
+ Apparatus bushing, as above; striking distance 12.7 cm; 
from Frey and Hawley 
vy Suspension string of 3. 10-in. units; dry striking distance 
49 cm; 30 to 31.5 deg C, 76.0 cm, 60 cycles; from Lloyd’® 
<1 Suspension string of 3. 10-in. units spaced 53/zin.; dry 
striking distance 49 cm, surge voltage of 2-u sec front; 
from Torok and Archibald.9 Same value wet or dry 
<2 Suspension string of 18 10-in. units spaced 53/s in.; 
dry striking distance 265 cm, surge voltage of Q-1 sec tront; 
from Torok and Archibald. Same value wet or dry — 
® Pyrex pin type insulator; striking distance 13.2 cm, 10.6 
to 26.8 deg C, 76.0 cm, 60 cycles; from Littleton and 
Shaver ; 
® Upper points string of 10-in. units (vertical) dry; arcing 
distance 100 in., 60 cycles 
@ Lower points outdoor pedestal type insulator (vertical) 
dry; arcing distance 100 in., 60 cycles; from discussion by 
J. E. Clem of paper by Frey and Hawley” 


near each end of which is wrapped snugly a piece of 
heavy copper wire. 

The curve of arcover strength against relative 
humidity for this simple rod is identical in shape with 
that of the pin insulator or suspension string, and, 
perhaps even more important, the actual arcover 
potentials per unit length of arcing distance resemble 
each other very closely as shown in Fig. 5. 


COMMERCIAL INSULATORS 


Technical literature seems to abound in reports 
of insulator tests that attempt to prove the differences 
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between this and that shape, size or arrangement. 
The striking fact, however, is their similarity. 
Figure 5 is a collection of tests from many sources, 
assembled to show this similarity. The solid curve 
was drawn for a Littleton and Shaver type glass rod 
specimen 11.6 cm long, the dashed curve for a sus- 
pension string of 3 10-in. units. Other points have 
been inserted to show the remarkable agreement 
in arcover strength among commercial insulators of 
totally different designs. The spread of the points 
in any individual test 1s practically equal to the spread 
of points from radically different classes of structures. 
The only offenders are the apparatus bushing, which, 
because of its internal electrode, behaves unlike any 
other insulator used in electrical engineering, and 
the rather long (100 in.) pedestal and insulator string 
which are actually out of the range of length repre- 
sented by the other tests. Curves such as those in 
Fig. 5 can be drawn for insulators having approxi- 
mately 100-in. arcing distance. They will show 
lower arcover strengths than the 12-in. insulators. 
Thus 2 prominent fundamental characteristics have 
been brought out. First, in dry arcover, different 
shaped insulators, exclusive of apparatus bushing, 
having the same arcing distance have roughly the 
same arcover strength, which is here expressed in 
kilovolts per centimeter. Second, the arcover po- 
tential per centimeter diminishes when the length is 
increased just as it does for the right cylinders in 
uniform fields, Fig. 3. Table III is given in order to 
show that even more drastic changes in the nature 
and form of the insulation do not influence the arc- 
over strength in the dry test at 60 cycles when the 
electrodes have the form of shield rings. Impulse 
tests, on the contrary, are influenced strongly by the 
geometrical details of the insulator. 
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A Glow Discharge 


Anemometer 


A glow discharge at atmospheric pressure 
is responsive to air velocity, and may be 
used as an anemometer. The properties of 
such a glow are discussed in this paper, and 
data relating to glow current, voltage, glow 
length, and air velocity are presented. It 
is also shown that the glow discharge re- 
sponds to rapid fluctuations in air velocity 
and is therefore a practical device for 
investigating turbulence. A comparison 
of such an anemometer with the previously 
used hot wire method is given. 


By 
FREDERICK G LINDVALL California Institute of 


ASSOCIATE A.I.E.E. Technology, Pasadena 


Re aerodynamical research of 
both theoretical and experimental nature has in- 
dicated the important influence which air turbulence 
has on wind tunnel measurements. Experimental 
quantities, the lift and drag coefficients, are mate- 
rially affected by the existence of small fluctuations 
superposed on the measured stream velocity. More- 
over, these fluctuations in velocity, constituting 
turbulence, are characteristically of relatively high 


Full text of a paper recommended for publication by the A.I.E.E. committee 
on research, and scheduled for discussion at the A.I.E.E. Pacific Coast conven- 
tion, Salt Lake City, Utah, Sept. 3-7, 1934. Manuscript submitted April 23, 
1934; released for publication June 4, 1934. Not published in pamphlet form. 
1. For all numbered references see list at end of paper. 
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frequency and random nature, so that their presence 
is not indicated by air speed meters, manometers, 
or other velocity measuring devices involving inertia. 
Accordingly a need exists for methods of studying 
such turbulence both quantitatively and qualita- 
tively. 

Numerous schemes for meeting this need have 
been proposed and investigated heretofore, only one 
of which, the hot wire anemometer, satisfies at all 
well the aerodynamical requirements. This device, 
ostensibly simple and relatively satisfactory, consists 
of a fine wire heated electrically by current flow and 
subjected to the variable cooling induced by the 
velocity fluctuations in the moving air stream. The 
corresponding variations in voltage drop of the wire 
are amplified to measurable proportions for oscillo- 
graphic study or direct meter indication. 


DIFFICULTIES INHERENT IN 
Hot WirE ANEMOMETER SCHEME 


Inherent in this scheme are 2 fundamental difficul- 
ties, compensation and calibration, both of which 
are surmountable but not without the introduction 
of some ambiguity into the results. Since ordinary 
turbulence has a frequency spectrum much like that 
of acoustic noise, compensation is essential because 
the hot wire response is much greater for low fre- 
quency velocity fluctuations than for those of high 
frequency. In order to obtain something approxi- 
mating a faithful reproduction of turbulence a dis- 
torting circuit must be employed in the amplifying 
equipment, the characteristics of which are dictated 
by the various factors contributing to the “lag” of 
the wire. The lag characteristics of the wire are, 
in turn, determined from a theoretical analysis 
necessarily involving assumptions and approxima- 
tions. Such procedure is a rational one and neces- 
sary; but, it is unfortunate that no standard turbu- 
lence exists nor has any velocity fluctuation thus far 
been devised whose characteristics, in magnitude 
and quality, are known without serious ambiguity 
to serve as an over-all check on the fidelity of the 
hot wire apparatus except for very low frequencies. 
Moreover, the fairly obvious test which may be made 
of compensation by passing through the wire a heat- 
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ing current containing an alternating component of 
known frequency gives only a partial verification 
since conditions under which the wire operates for 
this measurement are not equivalent to those en- 
countered in actual use as an anemometer. Then 
too, this compensation necessarily influences cali- 
bration, that is, affects the interpretation of amplifier 
output measurements in terms of actual or relative 
velocity fluctuation. The method of computing 
magnitudes of turbulence from hot wire observa- 
tions is, of course, not relevant to the present paper. 
Significant, however, is the fact that compensation 
and calibration are both functions of average air 
speed, a circumstance which increases both the ex- 
Peo work and the subsequent reduction of 
ata. 


THESE DIFFICULTIES NoT ENCOUNTERED 
IN THE GLOW DISCHARGE ANEMOMETER 


Thus, despite the many desirable attributes of 
the hot wire anemometer and the excellent work 
which it has made possible, the thermal lag of 
the wire introduces difficulties which have stimu- 
lated a search for other means of studying turbu- 
lence. This quest has led to a new electrical method 
employing as its sensitive element a minute glow dis- 
charge. Such an electrical discharge at atinos- 
pheric pressure is characterized principally by a 
cathode glow a few thousandths of a centimeter in 
length and potential of the order of 300 volts, and 
a positive column having a voltage gradient of ap- 
proximately 1,500 volts per centimeter. The cor- 
responding discharge current is in the range of from 
10 to 30 ma. The total voltage of such a glow, 
about 400 volts, acted on by a transverse stream of 
air, was found to increase substantially with in- 
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Fig. 1 (left). Glow anemometer mount- 
ing 

Fig. 3 (right). Electrical circuit of glow 
| and measuring apparatus 


Fig. 2 (below). Glow anemometer with 
adjustable gap 
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creasing air velocity, throughout a range in speed 
as great as that ordinarily employed in wind tunnel 
studies. Moreover, this glow is responsive to tur- 
bulence and gives results which are in excellent agree- 
ment with those obtained with the hot wire. A de- 
scription of these results and the essential apparatus 
yielding them, together with a criticism of the glow 
discharge method of analyzing turbulence, form the 
substance of this presentation. 


APPARATUS OF THE GLOW DISCHARGE ANEMOMETER 


A few exploratory experiments served definitely 
to establish the essential fact that a glow discharge 
is sensitive to air velocity. Moreover, these quali- 
tative tests indicated practical limits for the length 
of the glow and magnitude of the discharge current, 
which, together with aerodynamical requirements 
as to size and disposition of the discharge electrodes 
specified the essential apparatus and the electrical 
quantities involved. 

A mounting of electrodes for practical work is 
shown in Fig. 1. The electrodes proper are silver- 
soldered to the supporting rods which are kept at 
proper spacing by the screw clamping device and 
terminate in an insulating block. 

A more elaborate gap mounting employed to study 
the variation of glow voltage with length for several 
values of air velocity is indicated in Fig. 2. The 
illustration is self-explanatory, giving clearly the 
means of adjusting gap length as well as showing the 
section of glass rod which insulates one electrode 
from the rest of the assembly. The removable 
tapering tips which hold the electrode points make 
relatively simple a change of tip material. 

The electrical circuit found to be most desirable 
appears in Fig. 3. A transformer and rectifier tube 
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Figs. 4-6. Glow voltage-current relationships 


maintained the capacitor at a potential of approxi- 
mately 5,000 volts. The glow discharge current 
was held constant by the saturated vacuum tube 
shown and was adjustable through filament current 
ina range of from zero to50 ma. (This circuit is es- 
sentially that employed by Phillips Thomas in his 
studies on the microphonic properties of a glow dis- 
charge.') The change in average voltage of the 
glow was measured with a microammeter having a 
series resistor of approximately 14 megohms and 
with a bucking circuit (not shown) set to give zero 
meter indication for the discharge operating in still 
air. Accordingly with the latter arrangement the 
increase in glow voltage produced by the air appears 
as a direct meter indication. An over-all calibra- 
tion of this potential measuring circuit was effected 
by inserting in series with the glow voltage, by an 
obvious switching arrangement, a 45-volt battery 
which produced a meter deflection corresponding to 
this known increase in voltage. Such an arrange- 
ment was desirable inasmuch as frequent adjust- 
ment of the bucking circuit was necessitated by 
changes made in gap length or current. 

Measurement of average air velocity was made 
with a standard pitot tube and precision manometer 
developed at the Guggenheim aeronautics laboratory 
of the California Institute of Technology, and when 
less accuracy was required, with a commercial air 
speed meter. 

The foregoing equipment sufficed for an investi- 
gation of glow voltage as a function of air velocity, 
gap length, and discharge current. The fluctuations 
in voltage induced by turbulence in the moving air 
stream were transmitted through a coupling circuit 
and amplifier to an oscillograph and root-mean- 
square output meter. The coupling circuit, con- 
sisting of a capacitor and potentiometer, conformed 
to these important conditions: sufficient impedance 
to permit rapid fluctuation of glow voltage; ade- 
quate insulation in the capacitor to withstand the 
striking voltage of the gap and to prevent the 
running voltage of the glow from affecting the grid 
bias of the coupling tube; and appropriate shielding 
to minimize stray pick-up. The amplifier itself, 
following the coupling tube, was a commercial 2- 
stage unit. The over-all amplification, from the 
glow discharge input to the output meter, was ad- 
justed, through the addition of filter circuits, to give 
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very closely a uniform frequency response from 50 
to 2,500 cycles. 


Limits oF GLOW CURRENT 


The limits for glow current are empirical: too low 
a value leads to a stringy type of spark discharge at 
high voltage; too high a value leads to excessive 
heating and burning of the cathode, rendering im- 
possible any reproducibility in curves of gap voltage 
as a function of air velocity. Moreover, for a cer- 
tain limited range of current values, the gap voltage 
is nearly independent of current—a happy circum- 
stance which makes small fluctuations in emission 
current of the control tube insignificant. 


DETAILS OF GAP AND ELECTRODES 


The length of the discharge, or more precisely the 
length of the gap, since the former is indefinite due 
to spread of the cathode glow, is an important factor 
in this work as will be seen in the data to follow. 
Lengths ranging from 0.002 cm to 0.200 cm were 
tested and a useful range of from 0.010 cm to 0.025 
cm was employed for most of the work with turbu- 
lent air flow. An extremely short gap is insensitive 
to air velocity while a long discharge is blown down- 
stream into a bow shape having a greatly lengthened 
positive column with corresponding abnormally 
high voltage. Moreover, this “blowing back”’ gives 
an unstable type of discharge, apparently in a tran- 
sition state between the spark and the glow types of 
conduction, which “sings” at a high audible fre- 
quency and therefore is worthless as a device for 
studying air velocity fluctuations. Accordingly, 
it will be noted that with the lengths of gap ordi- 
narily employed, of the order of 0.015 cm, practically 
no positive column exists, only the characteristic 
cathode glows being visible. 

For the investigation of the effect of discharge 
length, the adjustable gap, shown in Fig. 2, was 
used. The entire mounting with the exception of 
the cathode holder, was at anode or ground poten- 
tial, while the cathode was insulated therefrom by a 
short length of glass rod rigidly gripped in metal 
ferrules. Various metals were used for electrodes: 
copper, brass, iron, steel, nichrome, nickel, silver, 
chromium, tungsten, platinum, and platinum-iri- 
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dium. All electrodes were approximately 0.15 cm 
in diameter with ends ground conically at about 20 
deg taper. Of these various materials platinum, plati- 
num-iridium, and tungsten were the most satis- 
factory, giving the minimum of difficulty from de- 
struction of the points. Platinum gave a more con- 
sistently stable discharge as well as better reproduci- 
bility in data than did tungsten and therefore was 
used for the bulk of the tests. 

In such a test device, the diameter of the elec- 
trodes should be comparable to the dimension of 
the glow itself in order that velocity, as measured, 
be definitely that of the stream flow and not the true 
velocity modified by the presence of bulky electrodes. 
Hence, only small diameter material may be used 
for cathode and anode with consequent small sur- 
face and cross section area for heat dissipation and 
conduction. Therefore, to minimize irregularities 
in behavior of the discharge due to heating of the 
electrodes a current value must be used which is as 
small as will give a satisfactory response of the gap 
over a particular velocity range. 


TESTS WITHOUT TURBULENCE INTRODUCED 


The first group of tests had as an object a study 
of the interdependence of glow voltage, glow current, 
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gap length, and air velocity, the air flow being tur- 
bulent to a negligible extent. The procedure was to 
measure glow voltage as a function of current for 
specific values of air velocity and particular settings 
of gap length. Typical results of these measure- 
ments are given in Figs. 4, 5, and 6. Glow voltage 
is plotted against current, each figure being for a 
designated air velocity and each curve corresponding 
to the gap length indicated. In order to avoid con- 
fusion only 3 gap settings are given. 

The nature of these curves is in accord with that 
of a normal glow discharge. The extremely short 
gap gives a glow voltage virtually independent of 
gap current, except for high air velocity. Indeed, 
one may say that the short glow is almost wholly a 
cathode phenomenon, and only when the discharge 
is effectively lengthened by the transverse air mo- 
tion, does it exhibit the negative resistance quality 
so characteristic of the typical glow discharge. The 
longer gap, however, gives rise to a discharge having 
the familiar hyperbolic characteristic for all air ve- 
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locities including zero. Yet, considering all of the 
curves with a view to finding an optimum current 
value for air flow study, one sees that for the velocity 
range of these data 10 or 15 ma in the discharge gives 
an over-all minimum of voltage change due solely to 
current fluctuation. 

Choosing, then, a particular value of current to 
be maintained in the discharge, curves may be de- 
rived from the preceding data which indicate the 
dependence of gap voltage on gap length, air velocity 
being an arbitrary parameter. Such curves, pre- 
sented in Fig. 7, exhibit the essentially linear nature 
to be expected as the relationship between voltage 
and length of discharge, and suggest that the in- 
crease in glow voltage with velocity is due largely to 
a lengthening of the discharge. 

Then, finally, from such data were obtained curves 
relating the essential quantities, voltage and air 
velocity. These curves, such as the one of Fig. 8 
could be made to have either increasing or decreasing 
slope with higher air speed, giving sensitivity in 
either the low or the high velocity range by suitable 
choice of gap length and current. 

These calibration curves indicate a voltage change 
of the order of voits per meter per second ve- 
locity increment, a response which is ample for in- 
vestigating turbulence of quite small magnitude. 
Indeed, the sensitivity of the glow to turbulence, as 
predicted by such data, is approximately 100 times 
as great as that of the hot wire anemometer, sub- 
stantially simplifying the amplifier problem. Ac- 
cordingly it remained to demonstrate that the glow 
discharge responds faithfully to turbulence and to 
that only. 


TESTS ON RESPONSE TO TURBULENCE 


That the glow really responds to turbulence was 
shown qualitatively in the wakes behind cylinders 
and flat plates where conditions are fairly weil known 
from accepted theoretical and experimental aero- 
dynamical research.*® Moreover, the oscillographic 
representation and the amplifier output meter read- 
ings observed during any traverse of the air flow 
downstream from an obstruction, conformed beauti- 
fully with results of*similar tests made in air and 
other fluids by various means. The glow anemome- 
ter gave no indication of turbulence in those por- 
tions of the flow known to be steady, thus eliminating 
the possibility of microphonic response, but it re- 
sponded unquestionably to the velocity fluctuations 
in regions of disturbed flow, bringing out, in addition 


Fig. 9. Turbulence behind cylinder for 2 air velocities 


Left, upper trace—9.9 meters per second velocity, frequency 
133 cycles. Right, upper trace—16.3 meters per second 
velocity, frequency 290 cycles 
Lower traces—5O-cycle timing waves 
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to the usual random variations, the more or less 
regular sequence of vortices so characteristic of the 
wake behind a regular body. The oscillograms of 
Fig. 9 represent such a vortex sequence behind a 
cylinder for different air velocities, with a 50-cycle 
timing wave included to establish the frequency 
of the turbulence. These frequencies were found to 
agree with values computed from the vortex theory 
of von Karman* which states that frequency is di- 
rectly proportional to velocity and inversely pro- 
portional to the diameter of the cylinder. The fac- 
tor of proportionality is 0.18 for any consistent set of 
units.‘ 

Further confirmation of the response of the glow 
to turbulence came with simultaneous oscillograph 
records for hot wire and glow located at similar 
points in the 2-dimensional flow behind a cylinder. 


Fig. 10. Comparison be- 
tween glow and compen- 
sated hot wire systems for 
measuring turbulence behind 


a cylinder 
Upper trace. Hot wire scheme 
Lower trace. Glow discharge 


scheme 


The oscillograms of Fig. 10 show clearly that the glow 
response is as nearly like that of the compensated 
hot wire as the instantaneous velocities at 2 points 
in a turbulent fluid would compare. Moreover, 
simultaneous quantitative measurements of turbu- 
lence, root-mean-square velocity fluctuation divided 
by average air speed, gave good agreement between 
glow and hot wire methods. 

The calibration of the glow anemometer for quan- 
titative measurements of turbulence was achieved in 
a relatively simple way. Either mean-square or 
root-mean-square velocity fluctuation is a convenient 
quantity for theoretical consideration of turbulence, 
and either is conveniently metered in the amplifier 
output. Accordingly, if at a certain average speed, 
turbulence produced a particular root-mean-square 
output current, that same value of current was later 
caused to flow by impressing an adjustable alternat- 
ing voltage at approximately 50U cycles across the 
terminals of the glow discharge. For example, sup- 
pose that 3 volts effective, 500 cycles, at the gap 
produced the same value of output current as the 
turbulence. A voltage fluctuation of 3 volts root- 
mean-square therefore must have been caused by air 
speed variation. <A portion of the curve of gap volt- 
age against average air speed establishes the value of 


the slope x at the test velocity—only 1 or 2 points 


on either side being necessary—and leads at once toa 
value of root-mean-square velocity fluctuation. In 
short, the calibration as used was of the over-all type 
in which all essential data were taken at the time of 
the turbulence measurements. 


DISCUSSION OF RESULTS 


The data which have been obtained with the 
glow anemometer demonstrate that such an electri- 
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cal discharge is sensitive to air velocity in both the 
steady and turbulent states. Moreover, for the 
study of air turbulence this electrical method has 
certain definite advantages over the hot wire scheme, 
notably in calibration and simplicity of amplifying 
equipment. Yet, the glow itself has one notably 
outstanding defect which, fortunately, is more of a 
nuisance than an evil. Any such electrical discharge 
will inevitably result in some slow loss of electrode 
material, through sputtering and chemical modifi- 
cations in the presence of air. And, as a conse- 
quence, a particular length of gap as used in this 
work will lengthen appreciably during the course of a 
run of 15 or 20 min duration, so that final data will 
not coincide with the original average calibration 
curve. Still, this difficulty is more apparent than 
real for 2 reasons. First, in turbulence studies made 
in the course of usual wind tunnel or other air flow 
work, ample opportunity exists for obtaining average 
voltage-speed data near the operating point at a 
time near enough to that of the turbulence measure- 
ment to give the characteristic slope. And, second, 
the slopes of 2 calibration curves corresponding to 
slightly different gap lengths are, for the same aver- 
age air speed, practically identical. Consequently 
this defect in the glow anemometer is not serious, it 
merely prescribes a technique of measurement. And, 
indeed, the hot wire, because of accidental adherence 
of dust particles or due to other surface charges, has 
been found to be erratic in calibration from day to 
day. 

One further critical comment on the glow ane- 
mometer is pertinent. The thermal time lag of the 
hot wire is of first importance in turbulence investi- 
gations. The glow, on the contrary, appears to 
have no lag in its response to air velocity change. 
The evidence which can be cited in support of this 
statement, however inadequate, must be considered 
in the absence of a satisfactory method of experi- 
mental verification, as previously discussed. Noth- 
ing in the mechanism of an atmospheric glow of the 
dimensions used could introduce a time lag signifi- 
cant in the frequency range of turbulence, for ion 
mobilities are adequately high. 

Then, too, in the work which employed a glow as 
a microphone’ it was found that a flat frequency re- 
sponse was approached as shorter gaps were em- 
ployed, a fact which is significant when it is realized 
that for an anemometer a much shorter gap length 
was used than for a microphone. And, finally, the 
direct comparison of glow and compensated hot 
wire showed no indication of time lag in the glow 
discharge. 

In conclusion, it may thus be stated that a new 
and interesting property of the atmospheric glow 
discharge—the variation of voltage with air velocity 
—has been shown to exist and that this property 
may be utilized in an anemometer for the study of 
turbulent air flow. Such an anemometer, the 
author believes, is a useful adjunct to the hot wire 
equipment, and, because of the essential ruggedness 
of the glow mounting, may be incorporated in a 
wind tunnel for routine measurements, an opinion 
which was encouraged largely by the consistent 
interest shown in this work by Dr. Theodor von 
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Karman, director of the Guggenheim laboratory of 
aeronautics at the California Institute of Technology. 
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Distance Relay Action 
During Oscillations 


The behavior of distance relays during 
system oscillations is analyzed in this paper, 
and curves are presented for determining 
whether the oscillations are likely to cause 
relay operation. Different types of dis- 
tance relays are considered and general 
methods of analyzing system conditions 
are discussed. 
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© ee experience with direc- 
tional distance relays has demonstrated their ability 
to clear short circuits rapidly and reliably. How- 
ever, a few instances have been reported in which 
apparently a circuit breaker was opened when 
portions of the system were subjected to a power 
oscillation or lost synchronism because of a fault. 
Within recent years much study has been devoted 
to the effect of relay characteristics upon system 
stability and it now appears desirable to consider 
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the converse, namely, the effect of an unstable system 
upon the relays protecting the unfaulted portions. 

The term “‘unstable’’ is here used to denote any 
condition of operation during which the rotors of the 
connected synchronous apparatus do not maintain 
a substantially constant angular relationship with 
each other. Under this classification there can be 
2 kinds of instability; (1) one is a continuous, umi- 
directional angular departure of one or more rotors 
with respect to the others which results in loss of 
synchronism, slip, or out-of-step operation; (2) the 
other is a fluctuating change of relative rotor posi- 
tions, termed oscillating, swinging, or surging, which 
eventually will damp down to a condition of stable 
equilibrium. 

There is some diversity of opinion as to whether 
or not distance relays should open any circuit break- 
ers during out-of-step operation, some engineers 
believing that the essential separation should be 
performed manually or automatically at a pre- 
determined point in conformity with the load condi- 
tions, and others caring little where it occurs, pro- 
vided no load is left without a source of power. 

On the other hand, opinion is nearly unanimous 
in preferring that under oscillating conditions no 
circuit breaker shall be opened by any protective 
relay. Since such an eventuality is within the 
bounds of possibility, this paper is presented to 
point out the procedure to be followed in determining 
whether distance relays in a particular location are 
in any danger of tripping unnecessarily during 
swings. Methods of avoiding such false operation 
are presented which may be used should a study 
show a need for remedial measures. 


TYPES oF RELAYS AND THEIR CHARACTERISTICS 


Two general types of directional distance relays 
are available, one using line reactance and the other 
line impedance as the measure of the distance to the 
point of fault. Both types have 3 distinct elements: 
(1) a directional unit; (2) an ohm unit or units con- 
sisting, in the reactance relay, of one or more re- 
actance measuring devices, and in the impedance 
relay of several impedance measuring devices corre- 
sponding to the number of steps in the relay; and 
(3) a timing unit. In the impedance relay the indi- 
cated line impedance is obtained by comparing the 
magnitude of the voltage with that of the current. 
In the reactance relay the comparison is made 
between the current and the inductive component 
of the voltage. 

Both types of these relays have a “‘step character- 
istic’ giving definite operating times for different 
fault locations, as shown in Fig. 1. A fault in zone 1 
(often called instantaneous zone), which covers 
approximately 80 per cent of the line distance to 
relay station 2, is cleared in minimum time. A fault 
in zone 2, which covers the last 20 per cent of the 
line to relay station 2 and something less than 80 
per cent of the line distance to station 3, is cleared 
in intermediate time, and a fault in zone 3 is cleared 
in back-up time (so called because no relay should 
ever operate in this time unless some other device 
has failed to operate correctly). In considering 
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distance relay performance during power swings, 
these operating zones are important and subsequently 
will be designated as instantaneous, intermediate, 
and back-up zones. 

Directional distance relays are generally installed 
to take care of 3-phase, line-to-line, and double-line- 
to-ground faults. A few installations have been 
made for line-to-ground faults, but since ground 
distance relays are not affected by balanced 3-phase 
power swings, only line relaying is here considered. 


ORIGIN AND NATURE OF INSTABILITY 


The nature of short circuits and their effect upon 
distance relays has been amply treated in published 
literature. Methods of calculating system oscilla- 
tions have also been described in previous papers 
but it is believed that a brief review of the origin 
and nature of instability will facilitate the study of 
its effect upon distance relays. In a loaded stable 
system all synchronous apparatus rotates at a con- 
stant electrical speed with certain constant angular 
displacements between the generated voltages, since 
in a synchronous system energy is transferred by an 
angular separation of voltages. (See Fig. 2.) Two 
opposing torques act upon the rotor of each machine, 
a mechanical shaft torque and an electrical stator 
torque. In equilibrium these must be exactly equal 
and opposite at all times (as at 0, curve A, Fig. 2). 
When either changes, the affected rotor will start to 
move at a different angular velocity from the rest 
of the system in an endeavor to find some new angle 
which again equates the torques, but while so moving 
its mass has been acted upon by the torque difference, 
and stored energy of motion away from system 
angular velocity has been imparted to it. For 
example, consider a motor connected to a large 
system having a shaft torque 7; in Fig. 2. Assume 
the load to change suddenly so that the mechanical 
torque is T7;. The generated or excitation voltage 
of the motor has the angle a with respect to the 
system voltage which only results in an electrical 
torque of 7). The rotor accordingly begins to slow 
down and increase the angle, thereby raising the 
electrical torque, which varies as the sine of the 
angle. When the voltages are separated by angle 
8 (point 2) the 2 torques are equal but the rotor has 
put out more energy than it received and is traveling 
at a speed corresponding to a different frequency 
from that of the system. It does not stop at angle 6 
but continues to drop behind the system, now having 
more input than output. It will continue to some 
angle y (point 4) until the previous excess output is 
canceled by the excess input, at which instant it 
rotates at system frequency, but with more input 
than output. The process is now reversed and the 
rotor advances, changing the electrical torque along 
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the curve from 4 to 2 toward 0, after which the en- 
tire cycle is repeated and would continue indefinitely 
if it were not for damping factors which reduce the 
amplitude of each oscillation, until finally equilibrium 
is reached at point 2. 

A sudden change in electrical torque produces an 
analogous but opposite action. Assume the same 
motor to have a mechanical torque of 7; and to be 
operating with angle a at point 0 on curve A. Let 
the electrical torque angle characteristic of the 
system and motor suddenly change to curve B. 
The rotor is still at angle a but the input is less than — 
the output as at point 5. Again, the rotor drops — 
back in angle to 6 (point 7) and oscillates between — 
5 and 7. Thus, a sudden reduction in electrical 
torque initiates the same kind of phenomenon as a 
sudden increase in mechanical torque. 


EXAMPLE OF UNSTABLE OPERATION 


In both of the examples given, the motor eventu- 
ally would become stable and continue to operate in 
synchronism with the system. Had the mechanical 


Fig. 2. Torque- 
angle charac- 
teristic of a 
synchronous 
system 


TORQUE 


A and B—elec- 
trical torque-an- 
gle characteristic 
T, and T:—me- 
chanical torque 


load in the last example been 7» originally, a different 
result would be obtained when the torque angle 
characteristic is suddenly changed from curve A to 
curve £. In this case the rotor would start at 
angle 6 (point 2) and the torque would drop to 
point 8. The rotor would slow down, increase the 
angle and input along curve B but when it reaches 
point 10 there would still be an excess of energy 
output over input so that it would continue to drop 
back. After passing point 10 the input drops 
below the output and the motor rapidly falls off in 
speed. Eventually, it will stop entirely or perhaps 
run as an induction motor at some slip below system 
frequency. In either event it is definitely out of 
step with the rest of the system. It has been proved 
that the final result of a sudden torque change will 
be determined by the available area lying above the 
mechanical torque line and within the electrical 
torque angle curve upon which the system happens 
to be operating. (See reference 2 in list at end of 
paper.) In the first example, the area 0, 1, 2 is 
equaled by area 2, 3, 4, and there is still an area 
4, 3, 11 remaining in which the input exceeds the 
output and the rotor velocity may be stopped. 
Similarly area 6, 12, 7 equals 0, 5, 6 and there is 
more available if needed. In the last example, 
however, area 9-10 does not equal 2, 8, 9, and the 
machine loses synchronism. 
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CAUSES OF SUDDEN CHANGES 


Sudden changes in electrical torque will be caused 
by short circuits and switching operations. Me- 
chanical changes arise from poor synchronizing or 
‘suddenly applied loads. The result is invariably 
either a new stable condition or loss of synchronism 
‘by one or more machines or groups of machines. 
During the unstable period the current and voltage 
rise and fall alternately and oppositely and the 
voltage at any given instant is different in magnitude 
and phase position at different points on the system. 


VECTOR RELATIONS 


_ Consider a simple loaded system comprised of a 
generator and motor with interconnecting lines 
between them. When operating stably, or at some 
particular instant during instability, the vector 
relations are as shown in Fig. 3. £, represents the 
‘internal voltage of the generator and may be either 
the excitation voltage or the voltage back of tran- 
sient reactance, depending upon whether steady or 
transient conditions are under consideration. EF, is 
the corresponding motor voltage, which normally 
would be nearly equal to /;, but which is enlarged 
in Fig. 3 to show more clearly the distinction between 
the electrical and impedance centers. The total 
angle between generator and motor voltages is called 
displacement angle. At some point in the system, 
the voltage will be a minimum, and this point is 
referred to as the electrical center of the system. At 
the same or some other point the current and voltage 
are in phase with each other and this is denoted as the 
unity power factor point. When the excitation voltage 
of the generator and motor are equal and the system 
consists of reactance only, both of these points co- 
incide with the impedance center, which is one-half 
of the total system reactance away from either end. 
If the system contains some resistance the electrical 
center still coincides with the impedance center but 
the unity power factor point is a fixed angle ¢ on 
the generator side of the electrical center, the angle 


g being 90 deg — tan! as where X and KF are total 


reactance and resistance including generator, system, 
and motor. If the excitation voltages are unequal 
neither point falis at the impedance center and both 
vary their position with the angle between generator 
and motor voltages, but the unity power factor point 
remains the same angle ahead of the electrical center 
at all times. 


StuDy OF A REPRESENTATIVE SYSTEM 


The electrical characteristics of a synchronous 
system can probably best be shown by giving the 
results of a study of a representative system. The 
system for this study consisted of 2 equivalent 
machines, a generator, and a motor with a single 
reactance tie between them. The machines had 
equal excitations and normal power occurred at a 
system angle of 45 deg. Synchronizing power and 
the magnitude and phase relations of the current and 
voltage at 3 relay stations on the line between the 
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equivalent machines were determined. Relay sta- 
tion 1 was located midway between the equivalent 
generator and the electrical center, relay station 2 
at the electrical center, and relay station 3 at one- 
quarter of the distance between the electrical center 
and the equivalent motor. 

The variation of the system electrical character- 
istics as a function of the displacement angle is 
shown in Fig. 4. Synchronizing power varies pro- 
portionally as the sine of the displacement angle; 
line current as the sine of half this angle. The 
voltage and angle between current and voltage at 
the various relay stations are functions not only of 
the displacement angle but also of the location of the 
relay station with respect to the electrical center of 
the system, the lowest voltage occurring at the relay 
station nearest the electrical center of the system.. 

The time variation of these electrical quantities 
depends upon the rate of change of the displacement 
angle. In an actual system, the rate of change of 
the displacement angle is not uniform, the angle 
increasing slowly at first as the rotating machines 
start to accelerate and later changing more rapidly 
if the machines go out of step. 

In Fig. 5 are shown the curves of Fig. 4 replotted 
to a time scale which is representative of an unstable 
system. As the rotating machines go out of syn- 
chronism, the line current increases with the dis- 
placement angle and becomes a maximum at a dis- 
placement angle of 180 deg. The voltage at the 
several relay stations decreases as the displacement 
angle increases and the angle between the current 
and voltage at these stations increases. At 180-deg 
total displacement angle the voltage at the electrical 
center of the system is zero and the current is a 


Fig. 3. Vector rela- Ey 
tions of a 2-machine 
synchronous system 
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maximum, a condition that appears to the other 
relay stations as a 3-phase fault at the electrical 
center of the system. 

When a system swings but does not go out of 
synchronism, the line current reaches a maximum 
and the voltages at the relay stations become a 
minimum at the maximum angle of swing. While 
it is theoretically possible for a system to swing™to 
an angle of 179 deg, the practical limit in most cases 
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probably does not greatly exceed 120 deg, with 
maintained synchronism. The current and voltage 
conditions at the 3 relay stations during a power 
swing which ultimately resumes stability are shown 
in Fig. 6. These curves indicate that during such 
a power swing the line current may increase and the 
relay station voltages may dip sufficiently to give 
tripping indications to the relays at the stations, 
and undesirable relay operations may occur unless 
some provision is made to prevent them. 


ACTION OF DISTANCE RELAYS 


Since distance relays utilize the electrical dimen- 
sions of the system at their location, they are pre- 
sented with a very difficult problem of discrimination 
in attempting to distinguish between faults, swings, 
and loss of synchronism. In an impedance relay the 
discrimination between normal and abnormal condi- 
tions is usually performed by the impedance devices. 
In a reactance relay it is performed chiefly by a 
starting, fault detecting unit rather than by the 
reactance elements, because, except during faults, 
reactance elements as usually connected will indicate 
the distance to the unity power factor point of the 
system and would operate in a time depending upon 
the location of the relay with respect to this point, 
unless there is a change in the number of parallel 
circuits between the relay location and the unity 
power factor point. The reactance elements are of 
some benefit in preventing undesirable tripping by 
relays located at some distance from the unity power 
factor point. Hence a study of the susceptibility of 
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directional distance relays must include the starting 
units as well as the distance measuring elements. 

An impedance relay, except during fault condi- 
tions, indicates any value from infinity down to the 
impedance between its location and the electrical 
center of the system, depending upon the total dis- 
placement angle between machines and the location 
of the relay with respect to the electrical center. 

In a pure reactance system at 180-deg displace- 
ment angle, impedance and reactance relays indicate 
alike, but at stable system angles, impedance relays 
measure something greater than the distance to the 
electrical center. 

At first glance it would appear that a swing of 
sufficient amplitude to operate either reactance or 
impedance relays would result in clearing only the 
section containing the electrical center, because both 
the reactance and impedance measurements are a 
minimum at its ends; but unfortunately this does 
not invariably hold true. As will be brought out 
later, the starting units of reactance relays remote 
from the center may operate earlier in the swing 
than those nearer the center. The ohm units will 
indicate intermediate or back-up time, but as this 
expires and the relay is about to trip, the starting 
unit of the relay on the line containing the unity 
power factor point may operate and its ohm unit 
indicate instantaneous tripping so that 2 circuit 
breakers open simultaneously. With the impedance 
type, the relay nearest the electrical center will have 
the lowest indicated impedance in any portion of the 
cycle but those adjacent to it may have but little 
more and may have a higher ohmic setting because 
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of different line lengths. As with the reactance 
relays, the gradually decreasing ohmic indication 
may start to trip some breaker in back-up or inter- 
mediate time, but as the timer completes its travel 
the instantaneous element of some other relay oper- 
ates also. Unless the starting unit, or instantaneous 
impedance element, of the relay nearest the center 
operates there will be a time delay before the relay 
trips, and if the swing is rapid the indicated ohms 
may rise and cause the relay to reset without com- 
pleting its contact circuit. Hence, the prediction 
of the behavior of distance relays during system 
oscillations or out-of-step conditions requires a study 
of both relay and system characteristics. 


CHARACTERISTICS OF RELAY STARTING Units 


The type GAX relay is a single-phase 3-step 
directional distance relay operating on the reactance 
principle. The type GCX relay is similar in princi- 
ple, but incorporating certain mechanical refine- 
ments. 

The operating torque of the starting unit of the 
type GAX reactance relay is approximately EI sine 
(6 + 15 deg) with E? restraint. The characteristics 
of the starting unit of the type GCX reactance relay 
deviate only slightly from those of the type GAX 
relay, the principal difference being a means for 
changing the sensitivity to several values of mini- 
mum operating current. These values are approxi- 
mately 8, 12, and 16 amp at the angle of maximum 
torque and 100 per cent voltage. At the reduced 
voltages existing during faults the minimum oper- 
ating current also goes down, the actual value de- 
pending upon the type of short circuit and angle of 
lag of the fault current. Thus the tap values are by 
no means the fault current required to operate the 
relays. These starting units will have a maximum 
tendency to operate at various distances from the 
electrical center depending upon the total angle 
between the machines. Relays having double cur- 
rent coils, delta connected current transformers, or 
quadrature connection and located near the elec- 
trical center would not operate since the sine (@ + 
15 deg) is small, causing a high pick-up. 

The impedance relay has the greatest tendency to 
operate when located at the electrical center for this 
is the place of lowest voltage on the system and the 
current is probably as high as anywhere else. 


CURVES OF RELAY SUSCEPTIBILITY 


The likelihood of false operation of either the 
impedance or reactance relay during stable power 
swings depends upon: (1) the location of the relay 
station with respect to the electrical center of the 
system; (2) the maximum angle of the swing; and 
(3) the sensitivity of the fault detecting elements. 
In order to enable users to determine the possibility 
of an incorrect relay operation arising from system 
oscillations, a set of curves has been prepared to 
show the relative susceptibility of these relays to 
power swings. In the preparation of these, certain 
simplifying assumptions have been made which, 
nevertheless, do not detract from their usefulness. 
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It is assumed that the relays under study are located 
on the tie between portions of a system and that 
there is an interchange of power over this tie. The 
system is then considered as 2 machines, an equiva- 
lent generator and a motor connected through the 
tie, each having the combined impedance of the 
group up to the relay bus at its end of the tie. This 
method of grouping and the calculation of the swing 
resulting from a shock such as a short circuit has 
been described in previous papers. The machines 
are assumed to have equal excitation and the tie is 
assumed to be pure reactance. The starting units 
of the reactance relays are assumed to have maxi- 
mum torque when the current lags the voltage by 
90 deg. However, these curves also apply to relays 
which have maximum torque at some other angle 
when it coincides with the natural angle of the sys- 
tem. (The term natural angle of the system refers 
to the angle whose tangent is the total reactance from 
end to end including the equivalent machines, di- 
vided by the total resistance.) Various maximum 
displacement angles have been assumed and the 
operating characteristics of the relays when located 
at and away from the electrical center have been 
plotted. 

In order to employ the curves it becomes neces- 
sary to reduce the system to an equivalent 2 machine 
group and either calculate or assume a maximum 
stable angle of swing. If the maximum load over 
the tie is known the maximum angle with ultimate 
stability may be assumed as the same number of 
degrees above 90 deg that the stable operating angle 
is below 90 deg, e. g., if the system operates with 
60 deg between voltages at the maximum load, the 
maximum displacement angle is 120 deg. This 
does not mean that the system will necessarily swing 
to the maximum angle after every disturbance but 
it cannot go beyond this angle and retain synchro- 
nism. A large amount of labor is saved if the angle 
is assumed and the relay performance found to be 
satisfactory should this angle be reached. Naturally 
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Displacement angle 110 deg 
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Figs. 8-12. Characteristics of directional distance 
relays 
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if it appears that the relays will operate to trip at 
the assumed angle, it becomes necessary to calculate 
the maximum angle for the assumed load, type of 
fault, and fault duration in order to determine 
whether the relays will be stable or not under actual 
operating conditions. Methods for doing so have 
already been published. 

In addition to determining the maximum displace- 
ment angle, the secondary current in the relays must 
be found. This is a function of the system imped- 
ance, the maximum angle, the current transformer 
ratio, and the relay connection, and may be readily 
calculated. It is also necessary to express the loca- 
tion of the relay station in the system as a percentage 
of the total impedance from the electrical center to 
the end. With these factors established, the accom- 
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panying curves may be used to ascertain the stability 
of distance relays at any particular location for the 
specified disturbance and subsequent system oscilla- 
tions. 


COMPARISON OF RELAYS 


A comparison between the characteristics of the 
12-amp tap of the type GCX relay starting unit and 
an impedance relay of equal sensitivity when located 
at the electrical center is shown in Fig. 7. The 
ohmic setting of the impedance relay was selected by 
dividing the voltage at the electrical center of the 
system for any given displacement angle by the 
minimum current required to operate the type GCX 
relay under the same conditions at its most sensitive 
location. Each curve is drawn for a different dis- 
placement angle and shows the minimum operating 
current as a function of the location of the relay 
station with respect to the electrical center. The 
curves demonstrate that for the 2 types of relays 
the point of maximum sensitivity varies both with 
location and displacement angle and the variations 
are entirely different. For example, with a total 
angle of 110-deg displacement, the impedance relays 
having the same minimum operating current as the 
type GCX starting unit will be more sensitive for any 
location within 40 per cent of the electrical center 
while the type GCX starting unit will be more 
sensitive in the end zone. This comparison is given 
because any system may have both types of relays 
in service and each type may be in the region where 
it is most likely to give an unwanted operation. 

In Fig. 7 and all of the succeeding curves, a line 
has been drawn at 70 per cent of the distance be- 
tween the electrical center and end to indicate the 
probable boundary of any relay station locations, 
the remaining 30 per cent representing transformer 
and machine impedance. 

Two types of reactance relays with impedance 
relays set for 2, 3, 4, 5, 6, and 8 ohms are compared 
in Figs. 8 to 12. These are more useful for general 
use, since it is possible to interpolate to obtain the 
characteristic of any ohmic setting of impedance 
relay. Each is drawn for a different displacement 
angle and represents as static, conditions that in 
reality are changing with time. It does not neces- 
sarily follow that a relay will close its contacts even 
though an angle is reached which, if maintained, 
would cause it to do so, because the system may 
returi1 to a smaller angle before the relay had time 
to operate. For example, the 12-amp type GCX 
relay starting unit with the instantaneous ohm unit 
set for 2 ohms can trip in instantaneous time only if 
the pick-up current at a given relay station lies 
within the ‘‘V”’ formed by the crossing of the starting 
and 2-ohm unit characteristic as shown by the 
shaded portion of the curves in Fig. 8. Should the 
current be sufficient to pick up the starting unit but 
lie outside of this shaded area, the relay would trip 
after a time delay depending upon the ohmic settings 
of the intermediate and back-up zones, and provid- 
ing that the swing current remained above the pick- 
up value for a time long enough to allow the relay 
to complete its timing. 
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All of these curves indicate that under certain 
conditions it is possible for distance relays to operate 
during power swings unless provision is made to 
prevent such operation. The impedance relay is 
more sensitive to swings when located in a relay 
station at or near the electrical center of the system 
while the reactance relays have their maximum 
sensitivity at a point away from the electrical center, 
the location varying with the maximum angle of 


swing. 
LOCATION OF ELECTRICAL CENTER 


The location of the electrical center of a system 
depends upon the number of lines in service and the 
connected apparatus. As system connections change 
from time to time, so will the electrical center change, 
and a relay station located a considerable distance 
away from the center for one system set-up may be 
near the electrical center with another set of con- 
nections. A study of any given relay installation 
should utilize the particular one of the usual oper- 
ating conditions which is most unfavorable to the 


relay. 
DISTINGUISHING FAULTS FROM SWINGS 


Having determined that there is a possibility of 
incorrect operation, and bearing in mind that direc- 
tional distance relays should operate correctly for 
faults and should not operate for swings, it is fitting 
to examine what preventive measures may be taken. 
In order to prevent undesirable relay operations 
during power swings, in installations where they 
would otherwise occur, some means should be pro- 
vided for distinguishing between faults and swings. 
When the faults and oscillations do not result in 
identical current, voltage, and power factor relation- 
ships, a change in current transformer ratio or tap 
setting may enable the relays to discriminate between 
them. A fault suddenly applies an active and re- 
active load to a system and in effect increases the 
impedance of the tie between the machines, with a 
resultant reduction of synchronizing power. On the 
other hand, it requires an appreciable time for a 
power swing to take place, and unlike a fault, the 
synchronizing power increases with the system angle 
up to an angle of 90 deg. Thus, there are 2 char- 
acteristics by which swings can be distinguished 
from faults: (1) synchronizing power; and (2) time. 

It has been suggested that a true power relay 
could be used to block distance relays against trip- 
ping during power swings. To use such a power 
relay it should be set low enough to block for all 
power swings, and high enough so that there would 
be no danger of blocking on high resistance faults. 

An arcing fault introduces resistance which varies 
with the arc length and changes the current, voltage, 
power, and power factor, and may bring these to 
the same value they have during a swing. An arc 
usually starts over an insulator string and in the 
course of time is stretched by wind or convection air 
currents. Since all faults should persist no longer 
than the intermediate time setting of the distance 
relays, the maximum arc length is determined by 
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this setting and wind velocity. Although arcs of 
such length make the electrical quantities coincide 
with those existing in some portion of a swing, the 
oscillation takes much longer than the are to reach 
these conditions. Thus by providing some block- 
ing means and delaying its action until after the 
expiration of intermediate time, the relays will clear 
faults and will not trip during swings. 


SEPARATING UNSTABLE PORTIONS OF A SYSTEM 


When a fault results in loss of synchronism the tie 
between the elements out of step must be opened to 
avoid the severe disturbances caused by such opera- 
tion. There is little or no chance of regaining syn- 
chronism unless action of some sort is taken to bring 
the electrical and mechanical torques acting upon 
the machine into closer agreement and as this takes 
time it is usually considered better to effect a quick 
separation and resynchronize. Some system opera- 
tors who have experienced instability plan to mini- 
mize its effect by prearranging for each operating 
condition the circuit breakers which shall be opened 
manually when instability occurs. The point of 
separation is so chosen that the generation and load 
in each section are roughly equal so that there is no 
great frequency change when the tie is opened. In 
other instances, where synchronous condensers have 
been the offenders, means have been provided for 
taking them off the line automatically, the loss of 
their capacity causing less distress than operation 
out of step. 

The most satisfactory automatic method of sepa- 
rating unstable portions of a system would seem to 
be the use of an out-of-step relay especially designed 
for the purpose. Relays operating upon this prin- 
ciple may be installed at the point where separation 
is desired, or if this changes with system operation, 
several may be installed and the proper one placed 
in service manually for each particular operating 
set-110. 
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Reignition of an Arc 
at Low Pressures 


An investigation of factors influencing the 
reignition potential of an alternating current 
arc at low pressure is reported in this paper. 
The investigation was undertaken to de- 
termine if such data could throw more light 
on the transition from a glow discharge to an 


arc. The results are consistent with a the- 
ory proposed previously by one of the 
authors. 
By 
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Risurrs of a study of the factors 
influencing the reignition potential of an alternating 
current arc at low pressures are presented in this pa- 
per. The data were obtained from oscillograms of 
ares at different currents, between electrodes of differ- 
ent materials in air at pressures ranging from 2 cm of 
mercury to atmospheric pressure, and for a gap set- 
ting of one millimeter. 

At low current densities and at low pressures the 
reignition potentials using electrodes of carbon, cop- 
per, and graphite were approximately the same, pro- 
portional to the pressure, and lower than the spark- 
ing potential. At low pressures a high reignition 
potential is necessary to establish the arc even when 
the electrodes are carbon. At higher pressures and 
at higher current densities the reignition potential 
of carbon and graphite decreased with increase in 
pressure; no such decrease was found for copper 
electrodes. Impurities having a low work function 
decreased the reignition potential markedly. Con- 
ditions favoring high temperature of the electrodes 
also tended to decrease the reignition potential. 

The experimental results are consistent with the 
theory that the transition from a glow discharge to 
an arc is due to the establishment of a high positive 
space charge at the surface of the cathode producing 
an electric field of high intensity. 


GENERAL 


Todd and Browne! have shown that the potential 
required to restrike an alternating current arc when 
the current reverses is low and of the order of the 
burning potential at atmospheric pressure, providing 
the electrodes are of carbon or tungsten. However, 
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if the electrodes are of copper, brass, or other mate- 
rials that cannot exist in the solid state at very high 
temperatures, the potential necessary to restrike the 
arc is very high compared to the burning potential. 
It is well known that in order to supply sufficient 
thermions to yield the large current densities found 
in the region of the cathode spot that a temperature 
exceeding 3,000 deg K is necessary. Both carbon 
and tungsten are solid at this temperature, and it is 
extremely probable that with these materials both 
electrodes of an alternating current arc are at a suffi- 
ciently high temperature to furnish all the electrons 
necessary for carrying the are current by thermionic 
emission. 

With electrodes of material that is not solid at these 
high temperatures, the thermionic current is so low 
that it is necessary to postulate some other mecha- 
nism of producing the large electron current that 
exists in the region of the cathode spot. In the cases 
where the electrodes cannot exist at very high tem- 
peratures, the most generally accepted theory of the 
cathode drop is that the electrons are drawn out 
from the cathode by the extremely high intensity 
electric fields that exist there. The intensity of 
these electric fields is of the order of 10° volts per 
centimeter. When the current in an alternating 
current arc reverses, it is necessary to produce an 
electric field of very high intensity at the surface of 
the electrode that was formerly the anode. In order 
to do this it is assumed that a glow discharge first 
forms with its relatively high cathode drop, extending 
over a relatively large distance. As the current in 
this discharge increases, the magnitude of the cathode 
drop increases and at the same time the region over 
which the cathode drop exists decreases, both of these 
effects producing an increase in the strength of the 
electric field existing at the cathode. At some 
critical value the large cathode drop of the glow dis- 
charge collapses into the low cathode drop of the arc 
which, however, extends over a very small region. 
Transition from a glow to an arc occurs very rapidly 
if the current is high, but it occurs at every reversal 
of the current, and a relatively high restriking poten- 
tial is necessary if the electrode material is not a solid 
at a very high temperature. 

The present study was undertaken to determine if 
data obtained at low pressures could throw more 
light on the transition from a glow discharge to an 
are. 


DESCRIPTION OF APPARATUS 


The circuit used is shown in Fig. 1. Resistance R, 
is a high resistance which, when the circuit is ener- 
gized, will prevent the arc from striking. The relay, 
which short circuits Ri, operates after the oscillo- 
graph has recorded approximately one cycle of the 
impressed voltage. Resistance R, is used to adjust 
the are current, which is measured by the ammeter 
A. Resistance R; determines the amplitude of the 
swing of the oscillograph element. All these resist- 
ances are water resistors. 


Full text of a paper recommended for publication by the A.I.E.E. committee on 
research, and scheduled for discussion at the A.I.E.E. Pacific Coast convention, 
Salt Lake City, Utah, Sept. 3-7, 1934. Manuscript submitted June 5, 1933; 
released for publication Feb. 20, 1934. Not published in pamphlet form. 


1, See bibliography at end of paper for all numbered references. 
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In all cases the arc occurred between the plane end 
surfaces of cylindrical electrodes 0.64 cm in diameter. 
The distance between the electrodes always was 
adjusted tol mm. The arc was allowed to burn only 
long enough to complete the oscillogram, and fre- 
quent adjustments of the gap were made to insure the 
desired separation of the electrodes. The electrodes 
and their holders were mounted in a bell jar which 
was connected to vacuum pumps and gauges by 


R, 


Fig. 1. Experi- 
mental circuit 


220 VOLTS 
50 CYCLES 


TRANSFORMER 
OSCILLOGRAPH ELEMENT 


means of which the pressure was adjusted to the 
desired value prior to striking the arc. In the pres- 
sure range covered, no increase in pressure was ob- 
served after striking the arc. No other gas than air 
was used. Power was supplied to the circuit by the 
regular 50-cycle mains. 


EXPERIMENTAL RESULTS 


The reignition potential is taken to be the maxi- 
mum voltage reached prior to the restriking of the 
arc. In general, this voltage is not constant, but 
varies from cycle to cyele; and in the case of carbon 
electrodes the variation of the reignition potential in 
a single oscillogram might be as high as 50 per cent. 
When both electrodes were copper or very pure 
graphite the variation was not so great and was less 
than when one electrode was copper and one carbon. 
The most consistent results were obtained when both 
electrodes were pure graphite, in which the variation 
was less than 5 per cent (see Fig. 2). There was no 
consistent variation with time or average temperature 
of the electrodes. All data given were obtained from 
about 400 oscillograms and each peint is the average 
of at least 7 measurements. 

Figures 2 and 3 are typical oscillograms represent- 
ing the drop in potential across an arc between 
graphite electrodes for 8 values of air pressure. The 
rms value of the current for each of these was kept 
constant at 15 amp. Figure 2 is an oscillogram 
showing the voltage drop across the gap as a function 
of time for low pressures. It may be noted that the 
voltage rises before the current reverses, to a value 
approximately equal to that of the cathode drop of 
the normal glow discharge in each case recorded here. 
At the time corresponding to point A the relay short 
circuiting the resistance R, was closed, starting the 
arc. At a pressure of 1 cm of mercury an arc did 
not strike each half cycle, but the voltage did drop in 
some cases to a value intermediate between that of 
the arc and the normal cathode drop. The expla- 
nation for this behavior is not known. The graphite 
electrodes for this oscillogram were obtained from 2 
different sources which may account for the differ- 
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ences between the individual characteristics; this 
will be discussed later in this paper. By comparing 
Figs. 2 and 3, it may be seen that the duration of the 
glow discharge which precedes the are is shortened 
greatly at the higher pressures. 

The variation in reignition potential between pure 
graphite electrodes as the pressure is changed is 
shown in Fig. 4 for a range of arc currents. It may 
be noted that, in general, the reignition potential 
increases as the current in the arc is decreased, and 
for low currents the reignition potential is nearly pro- 
portional to the pressure; but for currents higher 
than about 13 amp, the curves show a decrease in 
reignition potential as the pressure is increased. At 
about 13 amp the reignition potential seems to be in- 
dependent of pressure for pressures above 10 cm of 
mercury, maintaining a value of the order of 550 
volts. In every case there is a definite reignition 
potential which is higher than the are voltage. For 
comparison purposes the curve marked “‘spark,” 
computed from Peek’s data,” gives the initial break- 
down voltage for a gap of 1 mm. 

Reignition potential for different arc currents, at 
constant pressure, is shown by Fig. 5. There are 3 
definite regions of behavior. The region between 10 
and 15 amp is a transition region, the curves all cross- 
ing at about 13 amp and reversing their order. All 
data for the reignition potentials of these electrodes 
taken at pressures between 2 and 50 cm of mercury 
give the same value for a current of about 13 amp. 
The reason for this is not known. 

When 2 different materials are used as electrodes 


Fig. 2. Oscillogram of arc between pure graphite 
electrodes 


Voltage scale shown in the upper right-hand corner is the 
same for each pressure; pressures are indicated at the left. 
The arc starts at “A’’ 


in an alternating current arc, the reignition potential 
is different in the 2 half cycles and depends on the 
material of the new cathode for a given current. 
This is shown in Fig. 6. A curve for 2 pure graphite 
electrodes is included for comparison. The copper 
used in these tests was conductor copper; the carbon 
was the National Carbon Company’s projector car- 
bon, made from very pure lamp black having about 
0.02 per cent ash. Very small quantities of impuri- 
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ties such as boron, iron, aluminum, manganese, cal- 
cium, and magnesium were present. It may be 
noted that for the carbon cathode there is for each 
current a pressure at which the reignition potential is 
amaximum. When copper is the cathode this effect 
is not observed. 

The results of using carbons that were impregnated 
with a fair quantity of sodium hydroxide against un- 
treated carbons of the same stock are shown in Fig. 7. 
The reignition potentials of both the treated and 
the untreated electrodes were reduced very markedly 
from the reignition potentials necessary when the 
untreated electrode was run against copper. In 
Fig. 7 are shown also the results obtained from using 
a pure graphite electrode operating against a carbon 
electrode containing about 35 per cent ash, consisting 
of 15 per cent of the rare earths, cerium, neodymium, 
and lanthanum, and 20 per cent calcium fluoride. 
The curves in Fig. 7 show the remarkable lowering 
of the reignition potential of the arc because of im- 
purities in one of the electrodes. It is interesting to 
note that the reignition potential of the pure elec- 
trode is affected almost as much as that of the one 
containing the impurities. 

Table I shows that in general the reignition po- 
tential is higher for materials of high thermal con- 
ductivity, other conditions such as current, pressure, 
gas, and freedom of impurities, being the same. As 
the current is increased the decrease in reignition po- 
tential is greater for the materials having the lowest 
thermal conductivity. Preliminary experiments in- 
dicate that the reignition potential is a function of 


Fig. 3. Oscillogram of arc between pure graphite 
electrodes 


Voltage scale shown in upper right-hand corner is the same 
For each pressure; pressures are indicated at the left. The 
arc starts at “A 


the frequency of the are current, the reignition po- 
tential decreasing as the frequency is increased. 


DISCUSSION OF RESULTS 


For the values of pressure, current, and frequency 
at which this work was done the reignition potential 
would be approximately the same as the sparking 
potential if the characteristics of the electrodes did 
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not change during the discharge. This is true be- 
cause the time required for all the ions and electrons 
to recombine is extremely short. There may be 
some slight effect due to an increase in the average 
temperattire of the gas; but large deviations between 
the reignition potential and the sparking potential 
must be explained by changes in the properties of the 
electrodes, and particularly in that electrode which 
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Fig. 4. Arc reignition potentials for pure graphite 
electrodes 


Numerical designations on curves indicate arc currents in am- 
peres 


is to become the cathode. Only those changes need 
be considered that would affect the number of elec- 
trons emitted by the cathode or the ease with which 
they might be emitted by high intensity electric 
fields. The only factors would seem to be the tem- 
perature of that portion of the electrode which emits 
electrons and the presence of electropositive materials 
having low work functions. 

At high temperatures the electric field intensity 
necessary to produce sufficient electrons to main- 
tain the arc is reduced. If the temperature of the 
electrode is high enough a sufficient number of elec- 
trons may be emitted by thermionic action to re- 
ignite the arc witha voltage no higher than that re- 
quired to maintain it. This latter condition did not 
obtain in any of the cases cited in this paper, since in 
all cases a reignition potential was necessary. At the 
higher pressures and at the higher currents with car- 
bon electrodes, this reignition potential was not high. 
It is believed that in these cases the carbons were hot 
enough to emit some thermions though not sufficient 
in number for the large current density known to 
exist at the cathode spot, namely, a density of the 
order of 1,000 amp per square centimeter. When the 
reignition potential is relatively low, sufficient elec- 
trons to maintain the are probably are produced by a 
combination of high temperature and high intensity 
electric field. It is interesting to note that at the 
low values of current and pressure the reignition po- 
tential for carbon is almost as high as for copper. 
Here the temperature is too low to play any essential 
part and the restriking of the arc is due to the electric 
field of high intensity that exists there. 
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It is well known that field currents due to high 
intensity electric fields are independent of the tem- 
perature of the electrodes until their temperature 
exceeds about 1,000 deg K.* Consequently, it is 
only at temperatures higher than this that any 
marked difference between the reignition potential 
and the sparking potential would be expected. If 
the temperature is lower than this the difference be- 


Table I—Effect of Thermal Conductivity of Electrodes on 
Reignition Potential 


Reignition Potentials (Volts) for 
Various Arc Currents and Pressures 


Coefficient 1.5 Amp 8.1 Amp 12.3 Amp 
of Thermal 
Conduc- 25 50 25 50 25 50 
Material tivity CmHg CmHg Cm Hg Cm Hg CmHg CmHg 
Carboni... QROQM et 200 os e400 N oe 400me. E200 50 
Graphitesee Oop 1,0 NO 2, £200 by Ol ee 1 550 we OU. eee Oo OU. 
Copper... sos OnSOmeaenl GoGuacee SOO et le 400 yer SO0E 2 OOO 600 


tween the sparking potential and the reignition po- 
tential might be due to a greater number of ions and 
electrons remaining in the space between the elec- 
trodes, because of previous arc current, when the arc 
is restruck. The fact that the reignition potential 
does not decrease with an increase of the average 
temperature of the electrode, i. e., it is not noticeably 
lower after 10 half cycles than after the first half 
cycle, is in accord with the theory that the field 
current is independent of temperature provided the 
temperature is low. 


Fig. 5. 
tentials for 
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On the other hand anything that either increases 
the temperature of the cathode spot or decreases the 
cooling while that electrode is anode, is found to de- 
crease the reignition potential. Thus both an in- 
crease in current and an increase in pressure cause a 
greater difference between the reignition potential 
and the sparking potential because both increase the 
temperature of the cathode spot. Increases in pres- 
sure increase the temperature of the cathode spot 


1084 


because the size of the cathode spot decreases as the 
pressure increases, and consequently the current den- 
sity to the cathode spot is increased. Higher fre- 
quency has been found to decrease the reignition 
potential because it allows less time for the cathode 
spot to cool. In the same way it is found that a 
higher heat conductivity of the electrode, in general, 
is accompanied by a higher reignition potential. 
The reason that the reignition potential for copper 
is higher than that of graphite and that of carbon 
is the lowest of the three is believed to be due, at 
least at the relatively low pressures, to the fact that 
their heat conductivities are in the same order— 
copper, graphite, and carbon. 


EFFECT OF IMPURITIES 


Materials that have a low work function will emit 
electrons much more readily than those with a high 
work function. Consequently if there is in the elec- 
trodes impurities such as the alkali earths, which 
have a much lower value of work function than the 
electrode material itself, their reignition potentials 
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AIR PRESSURE IN CENTIMETERS OF MERCURY 
Fig. 6. Reignition potentials of copper-carbon arcs 

A—Copper cathode, carbon anode, current 1.5 amp 
B—Carbon cathode, copper anode, current 1.5 amp 
C—Copper cathode, carbon anode, current 4.8 amp 
D—Carbon cathode, copper anode, current 4.8 amp 


E—Both electrodes pure graphite, current 1.5 amp 
F—Spark curve 


would be expected to be much lower than that of a 
pure electrode. The experimental results show that 
this is true. The experiments show that the amount 
of such impurity need be very small to affect the re- 
ignition potential greatly, for if a pure material is 
used as one electrode, its reignition potential is de- 
creased nearly as much as that of the electrode having 
the impurity init. Since material is being vaporized 
continuously from the surfaces of both electrodes, 
there can be no accumulation of impurities on the 
pure electrode. A trace of impurities such as the 
alkali metals in relatively pure electrodes can ac- 
count for the random variation of the reignition po- 
tential. The reignition potential would be low if a 
trace of alkali metal happened to be on the surface of 
the electrode becoming the cathode. 
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All the experimental facts are in accord with the 
following theory of the transition from the glow dis- 
charge to an are which has been proposed previously 
by one of the authors:> When the current reverses, a 
glow discharge first is formed with a relatively high 
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Fig. 7. Effects of impurities on the reignition po- 
tentials of carbon arcs 


A— Carbon cathode, copper anode, 1.5 amp 
B—Carbon cathode, carbon anode with 15% rare earths, 1.5 


amp 
C-—Carbon cathode with 15% rare earths, carbon anode, 1.5 
amp 
D—Carbon cathode, carbon anode treated with sodium hy- 
droxide, 1.5 amp 
E—Carbon cathode treated with sodium hydroxide, carbon 
anode, 1.5 amp 
F-—Same as D, but for 6.5 amp 
G—Same as E, but for 6.5 amp 
H—Both electrodes pure graphite, 1.5 amp 
I—Spark curve 


cathode drop. As the current density at the cathode 
increases in the region of the abnormal cathode drop, 
the magnitude of the cathode drop increases and also 
this cathode drop occurs in a region closer to the cath- 
ode. Both of these effects cause an increase in the 
intensity of the electric field existing in the cathode 
drop and consequently increase the energy that the 
positive ions have when they hit the cathode. As 
the energy of the positive ions increases, they pro- 
duce a larger number of electrons from the cathode 
by bombardment. If now some impurity is assumed 
on the surface of the cathode or some irregularity that 
produces a high intensity local electric field, then that 
portion of the cathode will produce a larger number 
of electrons than any other portion of the cathode. 
The electrons freed from the cathode will produce 
ionization that will be more intense near the active 
spot on the cathode surface. Due to the high mo- 
bility of the electrons compared to the positive ions, 
the former will disperse into the body of the gas 
leaving behind the positively charged gas ions. This 
will increase further the field near the active surface 
of the cathode with a corresponding increase in the 
number of electrons emitted from that spot. This 
process is cumulative and proceeds rapidly until the 
intensity of the electric field existing at this active 
spot is high enough to pull large numbers of electrons 
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from the cathode surface. When this occurs an are 
exists with its characteristic ‘hot spot”? with a very 
high current density and with a low cathode drop. 
A high temperature at the cathode will decrease the 
magnitude of the electric field necessary to produce 
these electrons. 
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A Survey of Hydroelectric Developments—lI 


A general outline of the status of modern 
hydroelectric developments is presented 
in this report by an A.I.E.E. subcommit- 
tee,* continued from the June issue. 


I. THE PART of this paper pub- 
lished in the June 1934 issue of ELEcTRICAL EN- 
GINEERING beginning on p. 988 the present trend 
in utilization of water power, and the subject of 
hydroelectric and hydrodynamic research were dis- 
cussed. Statistics concerning the developed water 
power of the world are given on this and the follow- 


ing pages. 


WATER POWER AS 
PART OF THE GENERAL ENERGY SUPPLY 


The present civilization depends on constantly 
increasing amounts of energy that are spent to sat- 
isfy the varied requirements of the human race. 
The principal sources of energy are the carbon de- 
posits contained in the earth’s crust (coal, oil, and 
gas) and water power. 

Table I, compiled from World Power Conference 
data, compares the relative importance of different 
energy sources of the world on the basis of energy 
production. While the table is for the year 1927, 
the present relationship is substantially the same. 

Tables II and III show the relative importance 
of different energy sources, using the installed prime 
mover capacity as a basis of comparison. These 
data, applying only to the United States, were sup- 
plied by Prof. C. R. Daugherty of the University of 
Pittsburgh (Pa.). The importance of automobiles 
is quite evident. Also of considerable interest is 
the rapid increase in the capacity of steam driven 
prime movers, internal combustion engines, and 
water wheels. Although the installed capacity 
of water wheels is small compared with that of 
other prime movers, the amount of energy generated 
per installed horsepower is comparatively large. 


Developed Water Power of the World 


Recently several different agencies, such as the 
World Power Conference, the United States Geo- 
logical Survey, and others, were collecting and pub- 
lishing data pertaining to the ultimate and devel- 
oped water power of the world. 


Concluding part of a report prepared by the A.I.E.E. subcommittee on hydro- 
electric survey recommended for publication by the A.I.E.E. committee oa 
power generation, and discussed at the A.I.E.E. summer convention, Hot 
Springs, Va., June 25-29, 1934. Not published in pamphlet form. 

*For subcommittee personnel, see ELECTRICAL ENGINEERING, June 1934, 
p. 988. 
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The usual difficulties in the collection of data for 
a world-wide survey are increased by the uncertainty 
as to the definition of ultimate and developed ca- 
pacity. Exact statistical data even on the developed 
water power of the world are not available. All 
obtainable information is to be considered as ap- 
proximate because of the uncertainty in the ratings 
of hydroelectric units and also because of the ab- 
sence in many countries of reliable information col- 
lecting agencies. The published data give aggre- 
gate capacities of the different countries. Such 
data are necessary, but do not give all the infor- 
mation desirable. 

In making the present survey a new method was 
used, which seems to give additional information 
of considerable importance. This method consists | 
in making a survey of the hydraulic turbines pro- 
duced in the different countries of the world. 


WORLD PRODUCTION OF HYDRAULIC TURBINES 


The present status of the turbine art is such that 
it seems justifiable to classify the different develop- 
ments as high, medium, and low head developments 
depending upon the kind of turbines. High head 
developments would be those using impulse tur- 
bines, better known the world over as Pelton tur- 
bines; medium head developments, those using 
Francis turbines; and low head developments, those 
using any kind of propeller turbines with fixed or 
adjustable blades, including the well-known Kaplan 
turbines. 

Although such classification may place some of 
the developments in 2 classes (when 2 different 
kinds of turbines are used) or show an overlapping 
of heads, nevertheless it seems better justified than 
a limiting head arbitrarily chosen. By such classi- 
fication of the data pertaining to turbines manu- 
factured in different parts of the world, a complete 
picture can be formed of the developed water power 
represented by numerous very different develop- 
ments distributed throughout many countries. Not- 
withstanding the many countries in which water 
power developments are located, the number of 
manufacturers of hydraulic turbines is rather limited. 

Tables IV, V, VI, and VII give data on the hydrau- 
lic turbine industry in the United States, Canada, 
Europe, and Japan, during the 5-yr period 1928 to 
1932, inclusive. Table VIII gives a world summary 
for the same period; the data of this table cover 
well over 90 per cent of the world production of mod- 
ern water wheels. 

In studying these tables, the large aggregate ca- 
pacity of hydraulic turbines produced in Europe 
may be noted, also the considerable difference be- 
tween water power practice in the United States 
and Canada and that in Europe. 

The large proportion of Pelton turbines built in 
Europe reflects the importance of the high head 
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developments in the Alps and Pyrenees, as well as 
the use of such European turbines for high head 
developments in other parts of the world. 
So far as low head developments are concerned, 
it is of interest to note that propeller turbines with 
_ fixed or manually operated blades are much more 
popular than Kaplan turbines (propeller type with 
automatically adjustable blades) in the United 
States and Canada, and that there is almost an ab- 
sence of propeller and Kaplan turbines in Japan. 
In Europe, 76 per cent of the low head turbines 
and nearly 13 per cent of all turbines produced are 
of the Kaplan type. The probability is that the 
future trend in the United States and Canada will 
be to increase considerably the percentage of the 
aggregate horsepower capacity of Kaplan turbines, 
with a corresponding reduction in the percentage 
of propeller and Francis turbines. 


DEVELOPED WATER POWER 
IN DIFFERENT COUNTRIES 


According to the best possible estimates, the de- 
veloped water power of the world in the year 1933 
approaches 60 million shaft horsepower for turbines 
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installed and in actual operation. Table IX shows 
the distribution of the developed water power among 
the different countries of the world. From these 
data it can be seen that at present the water power 
actually developed is confined mostly to industrial- 
ized and highly developed countries. About 24 
million horsepower or 40 per cent of the world total 
is located on the North American continent, about 
28 million or 47 per cent in Europe, and about 6 
million or 10 per cent in Japan. The appreciable 
water power possibilities are not utilized at all in 
the less developed countries, most of which are situ- 
ated in the mainland of Asia, Africa, and South 
America. 

The present tendency is to concentrate in a single 
development as large capacities as possible. In 


Table I—Millions of Kilowatt Hours Produced in the World 
During the Year 1927, Assuming All Fuel Is Transformed 
into Electrical Energy 


—— 


Source America Europe Asia Oceania Africa World 
Coal ieee Ptacece¥are areraae’ 558,200. .649,100. .74,200. .17,200. .12,100. . 1,310,800 
Ollsparonat npearet connie 222;000%,..524;8007, 14; 600) wasn 0m eres skerere 261,400 
Water POWER asnie.teeicie ss 42,000.. 35,000... 6,500.. 900.. 400.. 84,800 


plOtalsi ce aren eres 822,200. .708,900. .95,300. .18,100. . 12,500. . 1,657,000 
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Fig. 2. Aggregate horsepower at turbine shafts installed or being installed (1934) in the different drainage basins in North 


Jury 1934 


America, based upon hydroelectric developments exceeding 20,000 hp ultimate capacity 
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Table X are listed the major developments of the 
world in operation or under construction, classi- 
fied according to the proposed ultimate aggregate 
horsepower capacity at the turbine shafts. A 
study of this table discloses that a few of the power 
plants in the United States and Canada after ulti- 
mate development will be in the 2,000,000-hp class. 
Only a few years ago such large plants were consid- 
ered impractical. The expectations are that the 
future developments on the Columbia River in the 
United States and in some parts of Africa and South 
America will result in power plants of considerably 
larger capacities. 


Major WATER POWER DEVELOPMENTS 
OF THE NORTH AMERICAN CONTINENT 


Major developments on the North American con- 
tinent are shown on Fig. 1, classified according to 
the drainage areas as established by the United 
States Geological Survey. Each development shown 
on the map is listed in Table XI under the corre- 
sponding drainage area and number, together with 
pertinent data. The map and table cover devel- 
opments the ultimate capacity of which is 20,000 
hp or over at the turbine shafts and includes all de- 


velopments that were in operation or construction 
in the year 1934. These data probably include 
more than 75 per cent of the total capacity of the 
developments of the North American continent. 

Table XII gives the aggregate capacity of turbines 
installed or being installed classified according to 
the different drainage basins. Tables XIII and 
XIV give the aggregate capacity of turbines in- 
stalled or in installation in different drainage areas 
and in the main drainage basins of the North Ameri- 
can continent. These 3 tables are based upon data 
contained in Table XI. 

These tables indicate the large aggregate turbine 
capacities installed in a few of the drainage basins 
in the United States and Canada. Table XIII 
shows also the particular importance of the Great 
Lakes and St. Lawrence River drainage basin for 
Canada. 

Based on the same data the aggregate horsepower 
capacity at turbine shafts in the different drainage 
basins in North America are shown in Fig. 2. The 
completely blackened rectangles representing each 
one million horsepower and the partly blackened 
rectangles a corresponding part of one million horse- 
power. The large capacities installed on the St. 


Table II—Classification and Aggregate Horsepower of Prime Movers Installed in the United States 


Thousands of Horsepower 


Steam Engines Internal Combus- Wind Power Automobiles Total 
and tion Engines (Not (Sailing Ships Work =— Without 
Year Turbines in Automobiles) and Windmills) Animals Productive Pleasure Water Wheels Water Wheels Totals 
TS69o acct G2 Barecasrtcre chy 8 ir cceysiaeativnt BAS Crahe erent LISD Sevaceeersteeee. fon) | PM Oa ale ETE ees L7SS3he weer a PPO ame pec 19,038 
SSO Mer peacheuceis D4 Oa eave Braveve OSs), eyensuter BLL kiran DU SET acasteerhee. «| Ail eree Sichal, Tite, Un ciara AG TQS aS svecactrers D512 e acorchs tence 47,637 
1909 Ue Roe oeecoe Sy 4 ls. «Fe ee TOL terete te Doi26 2 ate 25GB eke tinct AOS rhe reoee 1165454. as er 3) SCO aoe 120,314 
NOLO eteyeewelelia PUG S348 eueicieere = WG, VO4 ck seco 665i siafsve ere D4 ON aie ntzce piers TO;O6 4 ere terre 2195468 oie. o.ac0 eons BSS,20 Olais sieves (>. Ue 395,611 
1929 SEAL iS; OL Onvertyersiaisye OL OD Mey. ratsorspees CVA oae oben LO: SG Livia cpereres 162;4835 22s eae 1262-497 oo ck noes £65037 S80 ro yicesa NI 67 fe fencer tr 1,663,557 
Table Ill—Power Applications in the United States—Aggregate Horsepower Capacity of Prime Movers 
Thousands of Horsepower 
Manufacturers, Agriculture, Electric Steam and Automobiles 

Mines, and Irrigation, Central Electric Work Animals Commercial 
Year Quarries and Drainage Stations Railroads Ships Not on Farms Aircraft Productive Pleasure Totals 
S690 cc. 2O9G Ae ieee s DROSS ciersslsees — | hare ers AMLOO ac ateae OLY Greets os MOST iG siento usc. polelaccveqeleteseu! np = os NS stat) Ae eee 19,038 
SSO acceree GOO! scares vista LONS6 Sarcnc cotta P20 Meyers 16;440), acy iets Se hn dares ZC TGs isievacnen | mipteterogers aie eroetenteretes ete tee eae 47,637 
QOD hie ieiw Bb 2062S Wadia cies SL LLS warner 5,225. Vay. cs s 48,4906 Pn cece SHiistm ea ogada SAO SPN wiaseres ey. o Beara re 256 Seve aes 7 ;45 8) tana 120,314 
TOL eR ecceis ZON TO mete aanere OO TU Bsc wciten UORZ5O eecererrers 76S 660). ere 6,402. ccc ste LOO), etree rad hetero ak LO; 964 cee arses 219} 468). ac ete 395,611 
(02)! Bee Os OG neta nua eters 64 G82 oie. ct. 43,000. Jaa... UD SSies care OO) Wr Prmitecararti D400 5 cieravasscert SOOT soeten cess VG2;483ae serie W5262;497 2 jroo 1,663,557 


Table IVN—Aggregated Horsepower Capacity of Hydraulic 
Turbines Manufactured in the United States and Canada 


Type of Turbines 


Year Pelton Francis Propeller Kaplan Totals 
LO ZS cere nrere 42,200...... 1,495,303...... aoe} WS AOS PSt6Siee cee 1,635,451 
ODOM ste Los200 See 2:5 1,233,990...... 128290 28,590 eee 1,464,579 
1930) 05,3 LO;LSOn criss « 1,325,724...... S44 228 heer USS HZ Opec 1,886,262 
OSM eke -« 2 COSes wick 603'950 eee 1OF,O0R ete: 140,698...... 758,056 
TOS 2 n ee a idnels o's 27,960 nae 1313. 2.te ae We eater 29,273 
Totals ..193,293...... 4,686,927...... EYP IRHY re sons 321,044...... 5,773,621 
Per Cent of 
LOLA eo) Oe ats sic.6 Slelins cca ON Oe eiercte SG ate 100 


This table is based upon information supplied by the following manufacturing 
companies: Allis-Chalmers, Canadian Allis-Chalmers, I. P. Morris, Dominion 
Engineering Works, Pelton Water Wheel, S. Morgan Smith, S. Morgan Smith- 
Inglis, and Newport-News Shipbuilding and Dry Dock. It probably covers 
at least 95 per cent of the total production in the United States and Canada. 
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Table V—Aggregate Horsepower Capacity of Hydraulic 


Turbines Manufactured in Northern Europe (England, 
Norway, Sweden, Finland) 
Type of Turbines 
Year Pelton Francis Propeller Kaplan Totals 
192380 eke 157,627...... 85,144...... 2,060...... 32,401...... 277,232 
1999.) 92 oe oie Ogee 324,147...... 160. 1.202 415,823 
1930 ha ae 105,332...... 168,794...... 2030) bee 92,661...... 367,817 
josie 29,633...... 360,874...... SOO 88,487...... 479,094 
1930 eres 13:6200 a. Py Mt SN SO S60, sce 140,311 
Totals. ....380,326...... 1,035,290...... GBs 259,111...... 1,680,277 
Per Cent of 
Total... re ee CT Re Ate Onan Ww Ware 100 


This table is based upon information supplied by the following manufacturing 
companies: Boving & Co. Limited, England; A/S Kvaerner Brug, Norway; 
A/B Karlstads Mekaniska Verkstad, Verkstaden, Kristinehamn, Sweden; and 
Tammerfors Linne & Jern Manufactur A/B, Finland. It probably covers at 
least 90 per cent of the total production in northern Europe. 
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Table VI—Aggregate Horsepower Capacity of Hydrauli 
Turbines Manufactured in Central Rescuers tEanee 
(Switzerland, France, Germany, Italy) 


Type of Turbines 


Pelton Francis 


Lawrence River, as well as the amount of power de- 
veloped in the Hudson Bay, may be noticed. The 
Santee River seems to be the most highly developed 
river in proportion to its length and drainage area. 


Propeller Kaplan Totals 
foesees.. 3 788,639... 1,288,621... .255,336.....288,863.....2,571,459 Table X—Major Developments of the World, in Operation 
FORO ote us 475,744... ..1,233,216..... 50,898... ..154,180.....1,914,038 or Under Construction, Classified According to the Ultimate 
1930. 378,913..... 834,657..... 27,823..... 182,637..... 1,424,030 A H C i he Turbine Shaf 
f031:.....).. 210,328..... 376,946..... 11,495.....188,102..... 786,871 ggregate Horsepower Capacity at the Turbine Shafts 
O32 rasa o.cers SLTOS3... 26s 80,380..... WR oa C297 7e nec 474,285 = 
Totals.....2,165,157..... 3,763,820..... 362/04 eee 878,759..... 7,170,683 Capacity in Horsepower 
Per Cent of Installed 
Rote eae ORO Meer BOIS e6 ae alae 1D. es 100 or in In- 
Development Country River Ultimate  stallation* 
This table is based upon information supplied by the following manufacturing 
companies: Ateliers des Charmilles, Switzerland; Escher Wyss, Switzerland; 
Th. Bell, Switzerland; Ateliers Neyret-Beylier & Piccard-Pictet, France; Schnei- 
der, Jaquet & Cie, France; Constructions Electriques et Mecaniques ALS- Developments of more than 500,000 Horsepower 
ae eae vipa pee en ee en France; J. M. Voith, Ger- Grand Coulee......... WSs oc ees COllumbIac. eee eee 2,660,000. .*147,000 
tee sia fee eee Italy; S. A. dePretto-Escher Wyss, Beauharnois........... Canada....... St. Lawrence.....2,000,000. . . 266,000 
taly; and Construzioni Meccaniche Riva, Italy. It probably covers at least Boulder (Hoover).....-U.S..........Colorado......... 1,835,000. .*515,000 
90 per cent of the total production of central and southern Europe. Shipshaw 
(Chute a Caron).....Canada....... Saguénay...5..~. 1,260,000. . . 260,000 
Dnieperstroy........2. 0. UsSrS Res biltepers acces 810,000. . .810,000 
ke aa ° . Serra do Cubato....... Brazilo.n..A Ab Gta puge adeno 750,000... 166,000 
Table VII Aggregate Horsepower Capacity of Hydraulic Bonneville... UG eee Columbia........ 688,000. .*114,600 
Turbines Manufactured in Japan Wilson Dam 
(Muscle Shoals)..... Wa Sik wicdocs 0) MOMMESSERS Coes ee 610,000. . .260,006 
7 Conowingorsnemcces ee BER SS eee Susquehanna..... 594,000. . .378,000 
Type of Turbines Queehstoniis. <5 cee on Canadas lace Niagara... as 560,000. . . 560,000 
- Durack tere cee cote Norway...... Sunndalfjord..... 550,000. .*550,000 
Year Pelton Francis Propeller Kaplan Totals Wie Maligne. . «20... Canadas si Sagtienay peeuetes 540,000. . .495,000 
» “a Rort_ Becki ccisrtsers Ue ote ts METSSOUE = creas ot etanege 10.25 OOO ree 
SatelHarbor sneer as URS areas Susquehanna..... 510,000. . . 212,500 
TO ZS ies. ars sicrers's 225136)... sc. DIG OSO ade Sopa Aci leet yl ate nares 300,324 
O29 eieiirsrs ceerane 33,923...... ZOU OO le sioeyel. Ly bis aeatecd, Fl sieials ors 816,254 Developments of from 200,000 to 500,000 Horsepower 
T9Z0GRS ieee 37,813). (aac ZO 2 ASO mae sate OZ De recces - 2,000) terrane 293,918 % 
OSTA eae 7S 805tene oe TOSI coe Bley sy ae ee 185,817 Schoellkopfisi5.0..~ 0. We Sify: acsats Niagarac even css 452,500. ..452,500 
LOSZe. hoe: UOT. 87,699...... Opi sae eae 101,921 Paugan..............Canada -.Gatineatl.....0.. 476,000....288,000 
os = Ss _—— pe ae aE SEN Galletortnacn cemimiiesne x Ptalyiernscwheicts Nera vcitn weaiardsi. 400,000. . . 200,000 
motaleeeeeee 179,984...... MOLI ZAI ase 45409) ee 21002 ee 1108-234 se mW iheelen sates sleet tetelet: \opissosoononoe Tennessee........ 375,000. .* 48,000 
ne —_—__—_ — —$——= . Saluda, sce an eee Ue Were tocar Saluda. .!........ 330,000. ..220,000 
Per Ceut of Abitibi Canyon........ Canadas.c.ce- ADIGD seis scorers 330,000. . .132,000 
otal: 3.76 1G, OOF craeiers SA Oeics « ORAL ccs Oe eres see 100 Diablowecaasiecisiss sists WSs tetas wk agitin cased 320,000. .*166,000 
ee Gorge : Solin tS) Skagit 320,000... 78,000 
This table is based upon information supplied by the following manufacturing Esla................. Spanien ee Esla. 2+... 800,000. .*225,000 
companies: Dengyosha Prime Mover Works, Ltd.; Hitachi, Ltd.; and Mitsu- Bridge River.......... Canada sce... Bridgee esos 300,000. .* 56,000 
bishi Shipbuilding Works, Ltd. It probably covers at least 95 per cent of the Carlo Cicogna 
total production in Japau. (Gardano) eee Ltaly cn ckoues Tsacroreemieiten cts 285,000. . .269,000 
@hatsiKalisacmpupatrds Canada. steak Ota Warnnt- aloes 280,000. . . 224,000 
Shawinigatles cc «cs ner Canadagewee St. Maurice 278,500. ..278,500 
BrOMIMaAb eee reds ends INTANCe pistes Bromme 270,000. . .270,000 
Table IX—Developed Water Reed orithe pW orld—“atithe. cncrncliGapey atu i Ronee eee 268,000. . .201,000 
H Rapid Blane nyse ienie Canadatinercs St. Maurice...... 240,000. ..160,000 
Turbine Sha ts Bla thea din skew ocsevess ore We Sess ces Klatheadsu. cess 234,000. .* 
= Ardnacrusha. <> ...../.,6.0: Irish Free 
fine sine States cae Ardnacrusha..... 230,000. . .155,000 
Millions of Horsepower LE BO Bk Dixence..............Switzerland...Dixence......... 225,000. . *225,000 
Seven Sisters.......... Canadatrernec Winnipeg ....... 225,000. ..112,500 
1933 1933 Cedars ose sions so sit es Canada ens. cs St. Lawrence..... 220,000. . . 220,000 
2 Reem bs wacreraie ee aaene ReranCesjesisiaicte Rhine we ene oes 220,000. .*183,000 
MICE MUS tALES rei efelaier scars erenesexe ni 15.8 India REA ANS Oe te eI ROR no ere 0.7 Timpa Grande........ LtalyanuadOALVOs eee o nee 220,000. . .107,000 
REA Aa itare cists cl eitiarieie reise «Ue recs» 1h) Mexico ajetebateVarst wc lsteieieiate sri éceuyele.fa 0.6 ‘Sarrals eer ee eee eae France....... CRrtiviere ener 200,000. . . 156,000 
Realy eee ote tee ch esas 7.0 Finland.................-.. #11 025. Tordanieet act ey USS oe Gcosa ena ne 216,000... 144,000 
TEE etohandodowe aseeo spear 5.6 England...............++-+0+- OFF Ni tisatran seen eee Finland....... Vuoksen......... 216,000. . 108,000 
FRANCE years ial owe reci ices seereTo ele ie wis 4.0 New Zealand ee RR EO CI 0.3 Comentord 
CSSREN no ddoanon boa s0ddeonCs 3.5 Jugoslavia........++++++ 2s sees 0.2 (15 Mile Falls)...... Us ..Connecticut...... 215,000. . .215,000 
Shitizzsd bite lees cep doc onenanocdon 3.5 Czechoslovakia......-..-.--+-- 0.2 Wareges er eee Brance eae Dordogne........ 210,000. .*210,000 
INCOR WAV eas ideas ire cece tere «oa. 2.5 Chile... 2.0.2... 62 eee eee eee 0.2 Rock Island..........+ UGH ey cone Columbia serene 210,000... 84,000 
Sil gs poss de posssno noon oUT 2.0 Treland.........-----+++ sees 0.2 Ilha dos Pambos....... Brazil wpe Parany bat ane 204,000. . .116,000 
SHIEH e stag Sate ROCUU UGE UOT ie, New Foundland................ 0.2 ar olltia Lacie BA no MOOR eon een 200,000. . . 164,000 
MURR CM EA Severe cists tere oars os ies ake 1.0 G@HOSEN aera. wtaterens siewelaialele rein te isle 0.1 Arapuni a Seer he New Zealand.. Waikato......... 200,000. bs 100,000 
LMSC es 200 5 as eae SHS DeeoD ones Ud 1.0 STAGES ceaoah o oean emamsos Orr 
ES ea zal tectctsteders rs) sysivtecaiei says «c5i 0.8 aaa _ 
IR i booor Cup oe obonso ea sod * Asterisk indicates plants under construction. 
Table Vill—World Production of Hydraulic Turbines During the 5-Year Period 1928 to 1932, Inclusive 
Type of Turbines 
Pelton Francis Propeller Kaplan Totals 
te Per Aggregate Per Aggregate Per Aggregate Per Aggregate Per 
Breciooe Cent Horsepower Cent Horsepower Cent Horsepower Cent Horsepower Cent 
Grad’ States\and Canada... .+.- 1193,293...... BEA toes 4,686,927...... Siete NE ls Be Tones S21, 042.-nm an SB one 5,773, 02leree 100 
mae ee ec 2 545/483 ao. ese n A799 110 soa. Slits 368,407 cee Ste oh 11ST Sr Oe ces IO doer 8,850,960...... 100 
yecdn, oe a rene o "179,984...... SINE TO 7408 eee S155 Ree 4,499...... Osdeees: 2,002...... Cul. 1,198,234...... 100 
RE GORAIS ie aloe ote aisha piatepeisishe es IDL S70 wieneiete« RO Sie LOA OTA7SGres «41 « (eiscis. J ae 945,353...... Oelecravete JEZCOO1G rece a rea 15,822,815...... 100 
This table probably covers at least 90 per cent of the World production. 
> a 
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—Maj th American Hydroelectric P Developments* in Operation or Under Construction (1934) the 
Ne ata (ilainsle Capecley ot Which ie Mere Than 20,000 Hp on the Turbine Shafts 


Installed or in 
Actual Installation 


Year of Year of 


Drainage State or Ultimate Initial Com- 

Development River Basin Province Operating Company Horsepower Hp Operation pletion 

I—North and Middle Atlantic Drainage Area 
Bieter cact ohateva te eveierotena Hu _.......Deer Lake......Newfoundland.....International Power & Paper Co. of 

Beare ag Newfoundland Ltd............-+ 156,000. . 156,000. ..1925.. .1930 
Grangallaaas see aiaacas stereos seins Dty) VOOM. c/a ataie s Suge belts Earticap on New Brunswick... .Gatineau Pwr. Co..............-- 80,000... 80,000. ..1928...1931 
MESINOCKEE cect ny ck cane wets ans Penobscot....... Penobscot....... Maine............Great Northern Paper Co... ...... 42,500... 42,500...1900...1922 
Rayan beat teciay vaya cis vevey cc svare's, sreterelisi state Kerinebec....... Kennebec....... Maine atien cn sac Gen) Maine Pwra Car. van oe cae ee 102,000... 68,000...1931...1931 
Rt IETPOLC ee ALIS ies Netsttiats ease) s-snciars Androscoggin....Androscoggin.... Maine............ Rumford Halls’ Pwr: Cou... ......-- 42,000... 36,000...1903...1926 
MSVEET) PSHOMRGL Ne yoa/ a a/etateiass, 0.6 sie alere te. Androscoggin.... Androscoggin.... Maine............Cen. Maine Pwr. Co.,...........-- 27,000), .- 27,000... «1925 
PEASE ON fencers acccles lal aves) oun « craielte Androscoggin.... Androscoggin....Maine...........- Union Water Pwr. Coit. ..-- scenes 25,000... 23,666...1856...1921 
Bonny Eagle & West Buxton....Saco........... SACO lv tlachere nh eske Maine eda «isi eke Cumberland County Pwr. & Lt. Co.. 23,000... 23,000... oe A927 
IATHOSK ER acti ssetetn siekateiere:'e oven otebeiete Merrimac....... Merrimac....... New Hampshire... Amoskeag Mfg. Co..............+-- Sri SEHOUOS SE A) 
Comerford (15 Mile Falls)....... Connecticut.....Connecticut.....New Hampshire & 

Verimont:. :....5.. Connecticut River Power Co........ 215,000. ..215,000. ..1930...1930 
iBellowsptallss ii. slavic = sas) <tche sre" Connecticut.....Connecticut..... New Hampshire... Bellows Falls Hydro Elec. Corp..... 66,000... 66,000. ..1928...1928 
BOM ety aie ais siensia <a eieie) ote ors Connecticut.....Connecticut..... New Hampshire & 

Vermont........Connecticut River Power Co....... 41;700... 41,700. ..1909...1921 
Turners Falls (Cabot) .......... Connecticut... ..Connecticut.....Massachusetts..... Turners Falls Pwr. & Elec. Co...... 77,000... 66,000. ..1916...1916 
RELAGriniatl mates che cc cies ateivieisiove Deerfield.....:.. Connecticut.....Vermont.......... New England Pwr. Co............. 60,000... 60,000. ..1924...1925 
MCE fre] GUN Os 10 i clays eis csens isto, ptss"s Deerfield). sii... Connecticut.....Massachusetts..... New England Pwr. Co............. 20,400... 20,400...1915...1915 
Copble VLE te craters aie tees ysis eins einyelelers Westfield Little.. Connecticut... ..Massachusetts,....Turners Falls Pwr. & Elec. Co...... 46,950... 46,950. ..1932...1932 
ROGECAIIVED Vateisisra) sfisisieis\ere's eels Housatonic...... Housatonic...... Connecticut....... Connecticut Lt. & Pwr. Co......... 66,000... 33,000...1929...1929 
PLEVEN SOME sities. siisk eal ctavesaselnecte Housatonic...... Housatonic...... Connecticut....... Connecticut Lt. & Pwr. Co......... 38,000... 25,000...1919...1919 
OMIAVVOSE sete istols arson cdere.cves sire DACANGA LA. <7. svavate Eiudsontncce ae New Work? = oe ose New York Pwr. & Lt. Corp........ 51,500... 34,300. ..1930...1930 
SEO GAR ic DIR FORCE OECD ECE Eiudsotiyeninns LU GSON Neyer eee New Yorkos5....6.. New York Pwr. & Lt. Corp........ 154,000... 92,200...1904...1930 
SHELTIE ATINT SAIC saver eto Wetsveverevelcuaiene EV (id SOM eras eietasia e EL SOtderieye erste New York........ Inter. Hydro. Elec. Corp........... 60,000... 40,000...1923...1923 
SICROON StLCCCe ssiaicie's eels a iecare ve ave Mohawk........ Hudsons. nee New York........ New York Pwr. & Lt. Corp......... 54,000... 54,000...1915...1924 
WChaghticOKesi.6.6s cick ce seen es Foose: vite FATA SON Berar e:. harsh New Morkii: sds: New York Pwr. & Lt. Corp......... 20,000... 20,000...1908...1908 
IBeandsleeyMAllSe wislsiccce'ciniereieicve ¢ 0 FE. Canada Cr....Hudson......... ING Wav OL ks on). ee New York Pwr. & Lt. Corp......... 30,000... 21,200. ..1924...1924 
ERENCOMI AUS. clorccelerery 8 fe e'ee gsi W. Canada Cr....Hudson......... New York........ Utica Gas & Elec. Co..........-06- 36,800... 36,800...1901...1922 
IWiallerpallpaCk: teres cisi:s sels se 00s Wallenpaupack.. Delaware....... Pennsylvania......renna. Pwre& Lt. (Cor fades sere 57,000... 57,000...1926...1926 
RVODICRELAV EM elec cfevareics:cles 0's siefe.3.c Susquehanna....Susquehanna....Pennsylvania...... Metropolitan Edison Co........... . 29,273... 29,213. ..1904...1914 
Safe Harbor iis dccleis sei eves aes Susquehanna... .Susquehanna....Pennsylvania...... Safe Harbor Water Pwr. Corp...... 510,000. . .255,000...1931...1934 
ETOLEWOOG SA cin suasieicysis oo (6 leis ines Susquehanna....Susquehanna....Pennsylvania...... Penna. Water & Pwr. Co........... 158,000. ..158,000...1910...1924 
CORO WINPOn soe «sain c1s/ep6ie)e' 15 =) Susquehanna....Susquehanna....Maryland......... Susquehanna Elec. Co............. 594,000. . .378,000. ..1928...1928 


Il—South Atlantic and East Gulf of Mexico Drainage Area 


WNGUSENG A ete stare Havens hans oats ses JAMES eA slo sd os FAMMeSeiics ciocne cc Vif gistiarct ices sale Appalachian Electric Pwr. Co...... 20,200... 20,200...1904...1931 
ETS OTERO Kern veriye ayeielerets ars issietevete Ps Wadkin'....1.% 6,04. Pee Dees... 3.64. North Carolina... Carolina Alum: Conese os science 44,100... 44,100...1928...1928 
Badin Narrows: vis ccc. ceisreres vie Vadkinnsacc se Ree Deene one cs North Carolina... Carolina AlumiCo!.Sn.s:c0n2s ene ¥ 108,000. ..108,000...1917...1924 
VIA RATIO RAIDS eater me cna inte. ara Wadkinvncnan ake COU DCCs sienrnican North Cafolina.. Carolina Alum. Cos). U4. ccs lee ole 28,980... 28,980...1919...1919 
UNOUWOUG acer aitesve cia Vintiod sabe ae Vaudbkin. inc. bee, Dee. ona 2s North Carolina....Carolina Pwr. & Lt. Co........0.. 118,900... 87,800. ..1928...1928 
IB Lewiectermrntctcene. oitet a isieve cee ore au Pee Deen ireresccts Pee Dee........ North Carolina....Carolina Pwr: & Lt. Co..! oc. 6s 3 34,000... 34,000...1912...1912 
IBisdgewaterccrccicelers sie arta elas Catawba........ Santee: doesent tie North} Carolina. .\7, Duke Pwr. Colac desee ie sone ee 35,600... 35,600...1919...1919 
IRTOCMESS Wetec nxclaryateelorese ovals: svocers Catawbav..neme. el BER Oy OA AC re North iGarolinay, woke: Pwr. Core rcecemcieenionieren 42,000... 42,000...1925...1925 
Oxford mmetcteys iste cre a. 116 ales eile Catawba. eensaee Santee... ceca North Carolinas.:) sDuke PwtiCom acon detiet ciernstuaae 56,000... 56,000. ..1928...1928 
Wookout Shoals -fisi0c cs 25.0. ccs0 vette Catawba nana. Santee wi cacinas INorth« Carolinas. Dukes Pwr Cows cite sie's cies oe 33,840... 33,840...1915...1915 
IOUMCAII Slandeeryetecsk.o cia siete Catawba........ Santee ssi iionoe North’ Carolina... Duke Pwr» Co.ctese tee aes eens 82,400... 82,400...1923...1923 
Watawbanceietrncre eile Sr eiararace teks Catawhba.csssss Satiteei a. ase ete SottthyCarolinal,., ;Dukerbwre Cosme seb nen 86,000... 86,000...1925...1925 
Ishin ceCreele se rareie.s.cvete eters (ei s.6, eer Catawba........ WAaNteena. 1.1 COUCH) Carolina. wa Dike ve Wr COs tine sitavetanrersaratenien 64,125... 64,125...1916...1916 
GreatMwalls qarfeee so herets cole eal erelate Catawba vce. Santeeanicc hs Sought Carolina. en > ukel bl wi: CO arc steamer 41,600... 41,600...1907...1907 
WCAG DOED Natyie crores os Gracetate revert arose Catawbainn. cys Satifee.......... SoutheCarolinay.. Duke bwreCosans ies aie ene §2,500... 52,500. ..1923...1923 
GSedariGreek iors is cess ss eee 8 Catawbarasnare Santee ...iccnmnod Nouth: Carolinas.7. DuketPwt. Coss saeco 51,300... 51,300...1926...1926 
BROCIW CRCCKIA sie tiet. ot sone eats Wateree........ Santees 5. 25 ve Soith Carolina pw Dikevl wr. COnscmis ene enero 41,600... 41,600...1909...1909 
MALGVCO Aero sere ce cite ek vie kare spate a) « Wateree........ Santee. 0.0.2.0... South Carolina Dukes Pwr Coste ener eee 105,500. ..105,500...1919...1919 
QOMTSlands re rietne svarcieis gues eral cate Broads s dss saree WANCCE, cate tats Southt Carolina: vo. Duke Pwo Cos. sents siisicies oie 31,200... 31,200...1910...1910 
Ly OS) CERES ae te ee Broads saiecme Santee scie0is South: Carolina... .. Broad River Pwr. Co..5.0++. 00008. 21,600... 21,600. ..1914...1921 
Saldarnmsttcte icit Com Ges ars aware Naludamancnrnsoe Santeew..cwsnjere South Carolina....Lexington Water Pwr. Co.......... 330,000. . . 220,000. . .1930. ..1930 
BRGCRE QUE gs oils fo: dust ofa o's,/o%s hive Fora cerete Tatlulah.. 6.0%. Savannah....... Georgiatee cdc Georgia, Pwr. Colada creree 30,400...) 30,400. ..1925...1925 
pBatiiita hw Ralls eres rais.ccecctcerre ocd Tathilahy.. 1. e,ocaveaniah: anc Georgiantye sticsstetre Georgia® Pwr! 'Co:.8 nc seinie Gare ctayeie 108,000. ..108,000. ..1913...1913 
DELO Sa reicis sx oie @eiates Race, valk ete PPugalon ccna Savannah....... Georgian si.c<. ee Georgiat Pwr Cormac ceri 88,000... 88,000...1924...1924 
BVO ta Diereler sais i euciasel sf<,e16' aie eveleis elas DD galowntas cress Savannah....... Georgiadinc. se: GeorgiatPwrs'Coscaten nea 42,600... 42,600...1925...1925 
DIPOMONS LOCK. eu fst: a ederaivie e's Savannah.....}. Savannah....... Georgia nnn. «> -si-oOe CarolinalewiriCo..nceriate one 31,250... 25,000..-1914...1914 
WGrmMaiosOAals..i0c0r os 0 6 arcs Oconee sans ae Altamaha....... GOON G1 airaeta asa cteras CRC OLI Sav, Wihs, Cova aati aire 60,000... 60,000... Postponed 

MALO VARS MOG IS fers ican, ciaicre'e eles ater Ocmulgee....... Altamaha sneer Georeiacnee. vera: GeorgiayPwreCo sna. eee 33,000... 33,000...1911...1911 
WTO STEED BUS cyale occ se! avers tose. eretecere Chattahoochee... Appalachicola. ..Georiga...........Georiga Pwr. Co...........0..000- 23,100... 23,100...1904...1904 
PS EONCTCS CLIY oo icles a cise 00 date ge Chattahoochee. . Appalachicola. ..Georgia........... Georgia Byte Cor vacuo eneeeas 88,000... 66,000. ..1926...1926 
Goat Rock oS, a3 Ose ACR ROR ac ae Chattahoochee. . Appalachicola. ..Georgia........... GeorgiasPwrs Commack + sari cetier 65,000... 25,600...1912...1912 
Martin Dam (Cherokee Bluffs)....Tallapoosa...... Alabama........ Alabama ss. ta5e labamaubwt- Compaen 180,000. ..135,000. ..1927...1927 
WippemaLallasse@ven ccc. veces ss Tallapoosasnoaee Alabama........ Alabama. cic ie ant Alabamase wii Cos.nt. arate eee 75,000... 50,000. ..1928. ..1928 
Thurlow (Lower Tallassee)...... Tallapoosa...... Alabama........ Alabama... -s@neclabamate wr Comune tome eee 72.0000: 72.000. ..1931...1931 
Lay Dani (Lock No. 12). ....... Coosatn nae Alabama7- sn Alabarimidnnc. scorn Alabama. Pwr Cos envsrcpein mie 110,000. . -110,000. ..1914...1914 
PERC MON gral e ale dial oa ah ears 8a. nena gots COOSA: «es nt ne oc Alabama........ Alabama. st.... 3. Alabama Pwr Cone te eee ene 120,000... 72,000. ..1923...1923 
PLOLdas (ILOCKONO. LS) ccis aac cscs s Coosaltitant secu Alabaniase sneer Alabamayen venice Mabama (Pir: Coscsacntaccte meee 216,000. ..144,000...1929...1929 


* The developments are classified in accordance with the following drainage areas, which may be identified on the accompanying map of the United States: 


Zz North and Middle Atlantic Vv Missouri River IX Gulf of California and Lower South Paci i i 
II South Atlantic and East Gulf of Mexico VI Ohio River x Great Basin pea ety a ee poe aaa 
IlI Great Lakes and St. Lawrence River VIL Lower Mississippi River XI Upper South Pacific 

IV Upper Mississippi River VIII Western Gulf of Mexico XII Lower North Pacific 
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Table XI—(Continued)—Major North American H 


(1934) the Ultimate Capacity of 


Which Is More Than 20,000 Hp on the Turbine $ 


hafts 


ydroelectric Power Developments* in Operation or Under Construction 


Installed or in 
Actual Installation 


Year of Year of 
: Drainage State or Ultimate Initial Com- 
Development River Basin Province Operating Company Horsepower Hp Operation piétion 
III(A)—Great Lakes Drainage Area 
EDOM ps Onaiecte cies roveleys el <i cisietiste St. Louis........Lake Superior... Minnesota........ Matinee wi-.crlote: CO; ee hick ernie? 69,700... 69,700...1909...1912 
Kakabeka....... Lotte eee ees Kaministiquia.. - Lake Superior..,Ontario...........Kaministiquia Pwr. Co............. 35,000... 35,000...1914...1914 
Cameron Falls (Nipigon)........ Nipigon........ Lake Superior...Ontario........... Hydro-Elec. Pwr. Comm........... 75,000... 75,000...1920...1926 
Alexander MeetReBsb ete farMetegel atct-aaievonalione INIPIZONA cee Lake Superior...Ontario...........Hydro-Elec. Pwr. Comm........... 72,000... 54,000...1931...1931 
High Falls..... Dette ete eee eees Michipicoten.,..Lake Superior... Ontario...........Great Lakes Pwr. Co............-- 35,000... 22,000...1929...1931 
Sault Ste. Marie Oil GA Cn ROE SeeMany yates Lake Huron,.... Ontario...........Great Lakes Pwr. Co in.0..s00+-> -.- 41,600. ..1900...1931 
Sault tem VariOstnenriiin «itso 6 St Mary....... Lake Huron.....Michigan......... Mich. Northern Pwr. Co........... .- 40,000... Sos 
aa gehen Pe aieeKegstectere auslelens-‘ous Sees Wee: anes Lakel Huron Ontarnioge..s, c0eee HiirRontan Coliiecte ce saruiente a layers eeu he 20,500... 20,500...1906...1916 
ig iste. SS BD tee EES Pan Shis Lake Huronl.n'@ntatiow..<s...er Murontati: Con eee cee tics bon eet 28,200... 28,200...1929...1929 
aan id RL ROD ie Se ft e ele es SDatish eee ons Lake Huron... ..@ntario......,..+- Abitibi Pwr. & Paper Co........... 20,800... 20,800...1911...1911 
EV Aan vitae tarsrenctes arly ee altel aviv’ cine Muskegon...... Lake Michigan..Michigan......... Consumers) 2 wie COs cnet siete 40,000... 40,000...1931...1931 
MARCELO se cic cicero eater exe viene ee Manistee....... Lake Michigan... Michigan......... Gonstmers: Pwr Cosy: ic. octets « eet 26,675... 26,675...1918...1918 
OCG Ypres oe cose ensures Foe ce fel Manistee....... Lake Michigan..Michigan......... Corisimers PwroiGon ga in wc son es 24,000... 24,000...1925...1925 
Wer@ew sallsiiw..jetelese ews, at ea Welland Canal. .Lake Ontario....Ontario...........Hydro-Elec. Pwr. Comm........... 51,500... 51,500...1898...1912 
MiUeCenStom ee sticict eae eosie8. 01s sfehe Niagara........ Lake Ontario....Ontario...........Hydro-Elec. Pwr. Comm........... 560,006. . .560,000. . .1921...1930 
Ontario Power............ arte NIAC ALA tre cteteta.: Lake Ontario... .Ontario.......<..«- Hydro-Elec. Pwr. Comm........... 195,700...195,700...1905...1920 
Canadian Niagara 
QWinee Bie kvan kin) entenr tice eo Widgarawnaae Lake Ontario,...Ontario........... Canadian Niagara Pwr. Co......... 120,506. ..120,500...1905...1924 
SEOTOUTOsP OWE, «fi sis a s wawle as Nitvatacacnrie. ake, Ontario; Ontario... -+..007t Hydro-Eiec. Pwr. Comm........... 160,500. . .160,500. ..1906...1914 
Schoellkopt guess cugltciss ssc arelee ts Miagcatas 6... 0. Lake Ontario....New York........ Niagara Falls PwriCol.n.. 1. esas 452,500. . .452,500. ..1907. ..1924 
Adams (American Niagara)...... Uae Caran ssc evercv Lake Ontario.... New York........ Niagara Falls Pwr. Co. oa).¢.00 son 105,000. ..105,000. ..1895...1904 
PeGCRESTEE ING. O vine amiss vic dian esc Genesee........ Lake Ontario.... New York........ Rochester Gas & Elec. Corp........ 54,000... 54,000...1917...1928 
Bennetts Btw ges cocbiaca. o's cslen Sepbioyee eed aaa Lake Ontario....New York........ Niag. Lockport & Ont. Pwr. Co..... 46,000... 40,000...1914...1914 
Sofem Maple toate els cle jos lee. o\ Scene BSCAVER i, aide ok Lake Ontario....New York........ Northern N. Y. Utilities Inc....... 31,500... 21,000. ..1925...1925 
III(B)—St. Lawrence River Drainage Area 
Browns Falls...... Ngee OND BUDO E. Branch 
Oswegatchie....Oswegatchie.....INew York........ Northern N. Y. Utilities Inc....... 23,000... 23,000. ..1923...1923 
Colton (Browns Bridge).........Raquette....... Raquette....... Wewy S Orkin ai aa St. Lawrence Valley Pwr. Corp..... 37,700... 37,700...1919...1928 
IMIERESTO oooosaegs 5 eceoopomsuos St. Lawrence....St. Lawrence....New York........ PAL Wiateg© Os OL PAIMOTICA ry iby. erent 71,375... 71,875...1903...1914 
Stulimothee....-1.- Ren clans. Saar ts St. Lawrence....St. Lawrence....Quebec........... Canadian Lt: & Pwr; Cox.......,. 28,800... 28,800...1911...1914 
PS OGUIVALTIGIS Se ars.clasoceoieueiaa-¥ 1uhApoun St. Lawrence....St. Lawrence....Quebec........... Beauharnois Lt. Heat & Pwr. Co...2,000,000. .. 266,000. ..1932...1934 
Quinze (Ka-Ka-Ke Falls)....... Ouwinze ry, vecin ets Ottawarnkocnec: Onehecy. ities, oer Can. Northern Pwr. Corp.......... 60,000... 40,000. ..1925...1928 
USES 29 0 «0 ced doin cy Deornbige cia on Gordon Creek...Ottawa......... Onebeci ie. acemene Gatinesw Pwr (Ca. cea steno tins eae 24,000... 24,000...1920...1926 
Ise w I oAnahobwso OU BECO BOOOE D4 Oltawadtiieraclec Ottawa oni ar OUCDECH areca iaven Gatinean wre Com. ancl lace a 77,100... 51,400. ..1925...1929 
SHEN THON AR Hes praiviv ts ave 00 Ottawa......... Ottawa......... Quebec & Ontario., LOtaes Taian Gee ee 280,000. . 224,000. ..1931.. .1932 
Ghatldierenyeterahacctebalstausvens ie) sve 01%),0 Ottawaiscchitis on Oeta wal ccmvaes Quebec sna «aeraves Gatineais Pwr Cong.sa06 neers 44,100... 36,600...1902...1923 
Brat ttn tele snstesshaxeterahtin: 17 evore ei trots Gatineatian. «si. Otta waco. acs OUCDEC ftcany- ose GatineapeP wr: Colcsta eters lec. siesta 476,000. . .238,000. ..1928. ..1931 
Whelsed atic tanrctitetel ohh vs slereielensers Gatineau....... Ottawa ae syodre POUCHDEC Re an estes Gatinéat Pwr. Coie aochs. aceite 170,000. ..136,000. ..1927...1929 
NPAT ITIOLS Sara tevin el sroeterte lo as iene als Gatineatt..% .... Ottawak cas cs OUEDECA sans no neko Gatineau Pwr Conserve a clsscleivexe 120,000... 96,000. ..1927...1929 
lB bhai TOWNS 45 sine oO E Bate or Biévreiin oe: « wes Ottawastiewe ot OWEDECE fale ne. keels Maclaren-Quebec Pwr. Co.......... 120,000... 90,000. ..1930...1930 
INGASSO ren itin feeyater ee aaneae See anche aie HEteV TO re Weare OLEA WEL jereicicle st QUE DEC! cia el tsa cere Maclaren-Quebec Pwr. Co.......... ..- 136,000. ..1933...1933 
Redarsas de omelttn sce se cotta ot. Lawretice, oot. Lawrence)... Quebec. .,.......5 Cedars Rapids Mfg. & Pwr. Co..... 220,000. ..220,000...1914...1924 
Montreal Island (Back River)....des Prairies..... St. Lawrence....Quebec........... Montreal Island Pwr. Co........... 75,000... 45,000...1929...1929 
(CEST hy A co er OO Conga NOES Bae Richeltettin agin Richeliett- weg Ouchech ener eee Montreal Lt. Heat & Pwr. Co...... 21,600... 21,600. ..1899...1899 
emimine Kallses nia sjuscrce revs ores vs wt, Prancis, ..c0r Stupbranerse.e nar. Ouebecwwer se sore ats Southern Canada Pwr. Corp........ 33,600... 33,600. ..1925...1925 
i Tak aoe ee St. Maurice..... Ste Maunices. -pOUeDECas ee or Shawinigan Water & Pwr. Co....... 240,000. ..160,000. ..1934...1934 
Rapide Blanc... 
Laurentide (Grand Mere)....... St. Maurice..... St. Maurice..... Quebecs int. Shenae Shawinigan Water & Pwr. Co....... 189,000. ..189,000. ..1915. ..1930 
SHawitli gall ens sme cis nes arn ee St. Maurice..... St. Maurice..... Qechecrs con ah Shawinigan Water & Pwr. Co....... 278,500. . .278,500. ..1903...1929 
NUN a DCLG Ai yes cnatray cs voor arawihe St. Maurice..... St. Maurice..... Onebecaia «cece 4 Shawinigan Water & Pwr. Co....... 152,000. ..152,000...1924...1930 
ONIN ATCISSC he cckeisielongtay care «6. yaaa St. Lawrence. ...St: Dawrence,...Qttebec, «...2.. 4... North Shore Pw. Con. jecncs va sy 44,400... 22,200. ..1926...1926 
St. F De roas Can eiseeckss or sue urea St. Anne de : 
ae Beaupré...... St. Lawrence....Quebec........... Ouehbee Pwr: Co, Lid «oo. wears ccebeens 24,000... 24,000...1916...1926 
UR IM EVER Tk 5 pti GeeecnotD oO waguenay.......- Saguenay. .cncj QUeDEC. ne are sir iare Duke Price Pwr. \Con Utd i tk. cae 540,000. ..495,000...1925...1925 
Shipshaw (Chute 4 Caron)....... Saguenay....... Saguenay....... Ouebeciec a= sie - Aicoabwr: Con lctdanetcnaarasiterepen: 1,260,000. . .260,000. . .1931...1931 
IV—-Upper Mississippi River Drainage Area 
ib bite igo ia e Goma on aaa an oes Mississippi...... Mississippi...... Minnesota........ Minnesota Pwr. & Lt. Co.......... 27,000... 18,000. ..1924...1924 
i i St Crot Kaiser Wisconsin....5%..... Northern States Pwr. Co........... 35,400... 35,400...1905...1905 
SEM CCOLK, HaliSainretectsienecetsdoe etvuss: St Croix. aa ‘ 
SUARRLEAS Sey etn CRAIG cee HE ERIE ONO Chippewa......- Chippewa....... Wisconsin.........; Northern States Pwr. Co........... 45,000... 45,000...1916...1916 
Chi pewa Falls See Sky Sande Chippewa....... Chippewa....... Wisconsin... Northern States Pwr. Co........... 30,000... 30,000. ..1928...1928 
Prairie Wala se.) ton eae Wisconsin....... Wisconsin....... Wisconsin......... Wisconsin Pwr. & Lt. Co........... 41,150... 41,150. ..1909...1926 
Ba TNA eed nee oe Mississippi-..... Misano. [neath ae Mississippi River Pwr. Co.......... 184,420... .154.420...1913...1913 
Lockport ty SSN BLS OER Cae a ON Jn Ss. AA eoee uc itmoisi ae cess Ut Ce eyes poses Sanitary District of Chicago........ 46,000... 42,000...1907...1911 
V—Missouri River Drainage Area 
yal egakea, tue s8er x Mi fit. e Massouries.. 2s Montana... 1.1... lomtana P win Cony reitet.icrss ciels siete 0,000 5.2 ey 20; 000L ee OM ene oA: 
ee ae iceourd Saooaa ge Missouri........Montana......... MontanialP wr COxac-teleel iriete etek 70,000... 70,000. ..1918...1918 
PMC. eae et Missouri........Missouri........ Montana......... Montana Pwr. Co...........0200. 25,000... 25,000. ..1913. ..1927 
Vv ov le ne LAO Missouri.......- Missouri.......- Montana......... Montana Pwr. Co. 84,000... 84,000...1916...1916 
ee a Cnie | Ou eeen Caen a ee Missourt.......4). 0. Wissouriy.ss.02 2 Montana:...o0...006 Montana’ Pwr Coimiicacs da siuven eas 49,000... 49,000...1910...1917 
MOON ee Cnet es, Missouri........Missouri.......- Montana. . 0... sas Montana Pwr Cor.) sen. < ase ee 62,000... 62,000...1930...1930 
Se > ate tear he ees : ; ‘Missouri. MAE ee LisSOUrimea aston. a Montana... 5:4): UNS GOVE. ic setae ws Seboera et sree ng ee 532,000... <n COD nen 
Casper icova SOS OCD DIOS North Platte....North Platte... . Wyoming Dallereh shears iW, S. GOVE,” vias etree cere ae hehe sateen 42,000... 42,000. ..1936...1940 
Osage (Bagnell)..........2..5-- Osagence yee Osages. gece can IWiSSOUTte teceieen ne Union Elec. Lt. & Pwr. Co......... 268,000. . .201,000...1931...1931 


* The developments are classified in accordance with the following drainage areas, 
Missouri River 


I North and Middle Atlantic V 


Ohio River 


x Great Basin 


Il South Atlantic and East Gulf of Mexico VI ED eR EAL. i 
Ill ee Lakes and St. Lawrence River VII Lower Mississippi River XI Upper South Pacific 
. VIII Western Gulf of Mexico XII Lower North Pacific 


IV Upper Mississippi River 


Jury 1934 


which may be identified on the accompanying map of the United States: 
IX Gulf of California and Lower South Pacific XIII Middle North Pacific 
XIV Hudson Bay 
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Table XlI—(Continued)—Major North American Hydroelectric Power Developments* in Operation or Under Construction 
(1934) the Ultimate Capacity of Which Is More Than 20,000 Hp on the Turbine Shafts 


Installed or in 
Actual Installation 


Year of Year of 


Drainage State or Ultimate Initial Com- 
Development River Basin Province Operating Company Horsepower Hp Operation pletion 

VI—Ohio River Drainage Area 
TERT ORCI a CORR OLICRORE ae CRS Clarion: 20 os.cs: Allegheny....... Pennsylvania...... Clarion: River-Pwr, COs... oc. 0stes+ 34,000... 34,000...1924...1928 
PG GrnneneCG Rec ako kinds wa wae Deep Creek.....Monongahela....Maryland......... Youghlogheny Hydro Elec. Corp.... 24,000... 24,000...1925...1925 
Lake Lynn (Cheat Haven)...... Gheatw aocenee Monongahela....W. Virginia....... WiestaPennok wirCorreieii-iatelettelsierers 72,000... 72,000. ..1926...1927 
BSED ieeie chops sloieteesitcro vionvabe ING Warr ses INGW slices ecuse Winciniastei race Appalachian Elec. Pwr. Co......... 32,000... 32,000...1912...1912 
Rieko iNest. 0.0. cn aowin ty 3 wy Ne Wiser cite acta in Newe tices cus ae AWE, NATH, Aa ao New Kanawha Pwr, Coe. ,..0is er 175,000. ..140,000. . .1935...1936 
pe eeee Van O90 saan cafe. 6.0225 We) wav ces Dix Aare Dix nas ee Kentucky 7.3... ..5 Kentucky, Utilities'Col. yo... 5 sane 32,724... 32,724...1925...1925 
MAGUR AST cee wok as are 8% a tketars OHIO nara sree Olio. Soeese te Keentuckyo-njanceen Louisville Gas & Elec. Co.......... 135,000. .. 108,000. ..1928...1928 
Greateica ll Stererevcic cee elesereraca ae ie eh Caney Fork..... Cumberland.....Tennessee......... TennwElecy Pwia Comair 30,0104. 30;010%-,1 91650. L916 
URECCUENIG cteteinn gid ec cleticls 919 6 ols Pigeoth, conecias ee Tennessee....... INosi Carolinas... Garolinias Ewe ccs tl COs iene 147,000... 147,000. .. 1930. ..1930 
Norris Dam (Cove Creek)....... Clinchcen<nsc an Tennessee....... Tennessee......... “Denti ViallevieA Weave cvstaisiclatansiecsn ee 120,000. ..120,000. ..1936...1936 
Santee tial mens ceis ecu aia osisye ede: @heoaltacceen ne Tennessee....... No: Caroliiay 4.15 Carolina val aim Orcceuetsiera slaltsiererane 66,000... 66,000. ..1927...1927 
MONS GAIN, oo Silera ali e-eua ine ele a a"e ened Little Genn:;.... Tennessee... 22 No:Carolitia,.. .<2% CarolinayAlum™ Cosseapra are ciels)s cers 96,000... 96,000...1918,..1925 
Caldenwoodianostesnss cease acstere Little Tenn......Temmessee....... Tennessee......... Aluminum Co, of America......... 168,000. . .112,000. ..1930...1930 
EVIL MINI Pe eeer tats ev sie tovciays) ors sie) ee gROCCOaAWa an eee Tennessee....... Georgian ime coast sRennwet lec? Pwr © O ttre claret faterecerares 26,700... 26,700. ..1931...1931 
OcocemN Oe leit cere as stele ies oMilens Ocoee saa Tennessee....... Tennessee......... Pent. Mieco wel Conasisiciaare seers 30,150... 30,1505... 19122 1012) 
WMCOCEMNO te arte ic-siave hele ene, e el ears OCOCE a coma Tennessee....... Tennessee......... Mennewelec. se wr Covtyecarva verse ee 24,120. ... 24,120. . 1913... 1913 
MV aleGu Baran eee nie teks iteahare toca es) ae Tennessee....... Tennessee....... Tennessee......... Tenn. -HhleeeP wt; Co:nacssewe cs eae 56,720... 56,720...1913...1913 
Wheeler (Dam No. 3)........... Tennessee..\.... Tennessee....... Mlabaita sence ce act Tenn. Valley Auth........ aides 375,000... 48,000...1936... 
Wilson Dam (Muscle Shoals)....Tennessee.......Temmessee....... Alaba tila jos .s.0.9.+ Tenn Valley7Auth: ici. sche siete 610,000. . .260,000. ..1925...1926 
Vil—Lower Mississippi River Drainage Area 
OZAVBCACIs sec sletscersvsics hielo ste Whitese c.g sccs Arkansas ccc .0s IMAISSOULI ene ase Empires Dist. Mlecs Colmrscceenieale 48,000... 24,000...1913...1931 
Conpanige. oeé¢udooomoeogoenonun Odachitas....... Redigsass ives Arkansas ose ct Arkansas: Pwr oc lst C Onserereclstercers 118,500... 79,000. ..1931...1932 
VilIl—Western Gulf of Mexico Drainage Area 
ES eoCHEEELL@ et tavs avaible aaa ito ie saice a 6) oie Conehos.. <5. .- Srande acs dteee-ris Chihuahtias....c5., Cia Agricola y de Fuerza Elec. del 

Rio) Conchoss. s)-cayarrs crests cine osere 26,000... 26,000...1910...1915 
DNGCamalepete stele rslale iene siolialclisre iar ai'ey cca: ss INCCAXQ s/s cre aerece Tecolutla....... Pueblaaena. scores Cia Mex. Luz y Fuerza Motriz,S. A.. 108,000. ..108,000. ..1912...1923 
SLODEXIC erates o's ace Gis sree ei vw « « NOCARAS vn vies ss Tecolutla....... Puebla ci creeketns Cia Mex. Luz y Fuerza Motriz,S.A.. 60,000... 60,000... Ae 
PIX PATS Ober heels enctieis ee cceicieie ots IBlancomertertets ier: Blancos Vera Cruzie == Puebla Tramway Lt. & Pwr. Co.... 50,000... 50,000...1911...1931 


IX—Gulf of California and Lower South Pacific Drainage Areas 


Boulder (Hoover).............. Colotadois.es cc. Colorado........ Ariz. Nevis sa. ~UiSeGover.c.cs TRANG LN OrAw dint eee 1,835,000. ..515,000. ..1935...1941 
PAL COG atsriehovre cia Osi oe vinys a OS Colorado.....5.. Colorado; ........ ATEZONM Ge oe io-e:crerehe-css Utes < Gov to since sheen ete ene oe 160,000... Sinus ara 
RONG Gtr iare fret stetiaratig-'a:(e ses eucr iy. a'.0,iaje6 WCE LON rr ushelet eve: <r Coloradounnmsitet WATIZ OMG etaysvaielorey otst¥> Wie Si Govitss Acre atte stetontsrerct stereos 21,000... ayes crete 
PROOSE VES Merce) sieysis.w, cyietine into: eieve tee Daler tes sceers eke Coloradowsyncne ALTIZONG Pr adele sia Salt River Valley Water Users Assoc. 26,240... 26,240...1907...1924 
LOLSE NICS tis a'cix aie) a digs eee are Saltt. 7 decease Colorado. ......:. ATIZOUG soe teres ore Salt River Valley Water Users Assoc. 47,180... 47,180...1927...1927 
Paente Grande sss iciais es ctescceus eas Santiagowne.. c« Santa gonacmeter AIESCO ects atte: Cia lec) Chapalase adc atone 22,700... 22,700: ..1912...1912 
SGC OUECEC DEG craigs: & oleae gis ares ooo be) tis thst eae See Letiman, osteo 005 Michoacan........ Cia Luz y Fuerza del Suroeste de 

IMOXICO li tenereuc oheiaieiorereter coronene ane 130,000... 65,000. ..1930...1930 


SOc atte tiers ene sists css sist levaiste sue sopa'e Beacinisaskecses Grtscaltacacrce Tdahoterncc nce Uitahe Pwr ocelts Cov naccuserierierrae 20,000... 20,000. ..1924...1924 
ING WACGKACE crete artianen cuore aan e reyes: aie IBGatise oui ace Grt, Sale L... 25. i oF: 0  Ve Pore a ea (WitaheP wie: oct. Coseceraet ete pier 46,000... 46,000...1914...1923 
ONGIG AER eine svcrsis ol eke oeveceyeie oye Beatie wares sie Grtgoalt lesen. Ea G ie ene cvertete crers WitahePwerr& Wt Conse serine 42,000... 42,000...1915...1920 
(Cag oho AeROe CO eRe SIO SCAG cid Sea soe Grt-sgalt, ete tabangee else ciecrele Utah cP wrré Wty Conners see 43,000... 43,000. ..1927...1927 
BxSOp iLL plants) <a... ce ave ws OWenStrr cece Owens, ake... Californian. .t..c.0 Sou Sierras Pwr. Coma. cre see eine 9 LOG: 420 2 9S 420 OOO ne OD4 


XI—Upper South Pacific Drainage Area 


SOCOM NO Lie oie: ciereysieteinss dsoatarske Klamath: wi) .o5 Klamath< on. Califortiian .ceuaa Calif Orezvon Pwr Co maar e 37,200... 37,200. ..1925...1925 
Copco ANG ie sesrastrustapataassy ave Gua eu cva Kelamathenrennt Kilamathe ors. Califorita’. os % ex Calif:-OregonitPwriComws oe cients 40,000... 40,000...1918...1918 
Pit ING), TheitiG CRoRSIER ERE CED CRORE Ren Roree Bitao eee DaCclaimentosn # Calionniaseneen Pac. Gas & Elec) Cor: genni Oo Oote et OO SOL LOL a eZ 
EE CRIN OM Ur eitelaleia cvenese aie ate. svsre cle Pitnccsies ood 04 paCramentou.. o> California s..c. .<s Pac, Gas: SPleeceo ns soe. oe 108,580... 108,580. . .1925...1925 
Coleman Si OL EDOD OTR CR are Battle Creek....Sacramento..... Calstorniata.cue Pac. Gas: & lec Covi catecceie oni DO VUS Ley l LS ouieme el OL 
GARE DOL te esheets ouseaneve yore pa 6, eesti e. eather a: issn Sacramento..... ‘California. wees. ce Grt. West. Pwr. Co. of Calif....... 179,738... 89,369. ..1921...1921 
Ci saree kor Mey ccussso opae eile; scenes Bucks Creek....Sacramento..... Californiaw.nce ae Grt. West. Pwr. |Conof Califa... se 67,024... 67,024...1928...1928 
Big Bend (Las Plumas)......... Reatheraee ee Sacramento..... Calitorniaw «ccs a. Grt) West. wr. Co:of Califis.. 3. 134,000... 87,131. ..1916. “1916 
(OD CARS GS SOS COO EE CE REICIONS Yuba-Mid. Fk. .Sacramento..... California kn.cs ac Pac. Gas.é lees. Coimenpienierciicn 20,878... 20,878. + - 1899) : . 1906 
MDDIAUNED RITE reat cy sxaire co re) o/s. 6: sila vate. ewidiie.ve Beattccsuviccn a. x Sacramento..... Califormniarryicecreas Pac Gasi& lec! Cotacenn ctxt cient mei On OM an Sie OL OLO MeL oe Ss 
ENA OLA Omeyeaie ra toval es se thvacieis-« orece American-S. Fk...Sacramento..... Californian. soe Racy Gas ee Plecn Comaaerniey rene 33,512... 33,512...1924...1924 
CEPR INO ah cirin ica oceans Koerneer ny ne Kern Lake... Calworniiannnc tse SonCalify Edison Combed aaron 46,245... 46,245...1921...1921 
Kern MNO al ferclne ss snes are Sues Kern MSc Maa es Kern Laket eae Californias. 1.0 2100; Calits EdisoniComltde ene 29,490... 29,490...1907...1907 
Big MECC IN Os on cieriteaxe owe ees Big Creeley recs cx San Joaquin.....California......... SorCalif Ee disoniCos tds neeniecor 109,920. ..109,920...1913...1925 
Big CrECERNOs Cites ieee Serelets . Big Creek csees San Joaquin.....California.........So. Calif. Edison Co. Ltd.......... 88,470... 88,470. ..1913...1925 
Big GEGCKPN On Zameen: vie «ie oye cle Big Creek inne ce San Joaquin.....California......... So! Calif. EdisoniCon Ltda..-mcre cee 124,665. ...124,665. ..1928...1928 
PEStea GEG RIN Os ehstete.o70 laie(e ere seveleuee Big Creek....... San Joaquin.....California......... So: Calif. Edison ‘CoiLtd..t.... a6 175,000. . . 131,367. ..1923. ..1923 


* The developments are classified in accordance with the following drainage areas, which may be identified on the accompanying map of the United States: 


I North and Middle Atlantic Vv Missouri River IX Gulf of California and Lower South Paci i i 
II South Atlantic and East Gulf of Mexico VI Ohio River x Great Basin a ae ae Tidekeiee aps 
III Great Lakes and St. Lawrence River VII Lower Mississippi River XI Upper South Pacific 4 

IV Upper Mississippi River VIII Western Gulf of Mexico XII Lower North Pacific 
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Table XI—(Continued)—Major North American Hydroelectric Power Developments* in Operation or Under Construction 
(1934) the Ultimate Capacity of Which Is More Than 20,000 Hp on the Turbine Shafts 


Installed or in 
Actual Installation 


Year of Year of 


: Drainage State or Ultimate Initial Com- 
Development River Basin Province Operating Company Horsepower Hp Operation pietion 
Bi ck CreeksN OnSoonestycio cian Big Creek. Rematers San Joaquin.....California......... So. Calif. Edison Co, Ltd’. scans 77,750... 77,750. ..1921. ..1929 
Kerchoff . wenn tence eee e eens San Joaquin.....San Joaquin.....California.........San Joaquin Lt. & Pwr. Corp...... 57,105... 57,105. ..1920. ..1920 
Sas OaGuinoN Ol orrciierneciscie ot San Joaquin.....San Joaquin.....California......... San Joaquin Lt. & Pwr. Corp....... 21,448... 21,448....1910...1911 
TREAT OG cio Richens aeree PRO EE oe San Joaquin.....San Joaquin.....California.........San Joaquin Lt. & Pwr. Corp...... 176,944... 44,236. ..1927...1927 
Exchequer 5 ROG MSL ETRE eee WMerced cnn. sr. San Joaquin.....California......... Merced Irrig: Dist. .70.2 scat ine 54,000... 42,000...1926...1926 
INFOCASSITI Rr fors,chofersin is.) 08 «sere sleeve Toulumne....... San Joaquin.....California.........Hetch Hetchy Water Supply....... 120,000. ..100,000. ..1925...1925 
Don Pedro EOC RCO CeO ROI ICICI ESE Toulumne....... San Joaquin.....California.........Turlock & Modesto Irrig. Dist...... 70,000... 41,100...1923...1928 
Statlislas-nrata ts onc. cin eke sens Stanislaus... ..... San Joaquin.....California......... Pac. Gas & Elec..Co..:.........s-. 45,576... 45,576...1908. . ©1908 
Melones FACENo A ALT OB RRR CLOT Ree Stanislaus....... San Joaquins....California....../..Paé¢. Gas. & Elec. Co............-- 36,193... 36,193...1927...1927 
pbigersGreek ccc cteisrcca.piste ec we er'ole Mokelumne..... San Joaquin.....California......... Pac. Gas Elec. Comnasccterreemion 80,430... 80,430...1931...1931 
Ilectrartncnna closets oes eee Mokelumne..... San Joaquin.....California......... Pac: Gas 6 Elec. Cols. sees coe eo 75,000... 26;8107-.1902... 
DEIN CS 5 GOS DoD CIOGIg Oca OIRO Mokelumne... .. San Joaquin.....California......... East Bay Municipal Utility Dist 
(Oakland) )x.Aescusn acinar 20,000... 20,000. ..1930...1930 
San Francisquito No. 1..........Los Angeles Los Angeles 
Aqueduct..... Aqueduct..... Californias. . wakes. City of LosAngelessiiccumie tecierons 96,200... 96,200. ..1917...1928 
San Francisquito No. 2..........Los Angeles Los Angeles 
Aqueduct..... Aqueduct..... California......... Cityof Ios Amveless ac ci. cmcleaioete 62,000... 62,000. ..1920...1932 
XJI—Lower North Pacific Drainage Area 
Diablo cleus eae cess Skagit..........Puget Sound....Washington....... City of Seattle. ......3.....4.+.+.. 320,000... .166,000:.. 1936. 5. 1936 
COR Qat so coe Oe So Io aICae agit cr Puget Sound....Washington....... City. of Seattle: . ooo2.....0 4s acaene de 020,000..2.7°78,000 25 10245-21928 
IBAKCRURIVCD i ycyetrs crise ele rs ems s Baker nie vies) scsce Puget Sound....Washington.......Puget Sound Pwr. & Lt. Co........ 80,429... 53,619...1925... 
SNOC Malle aerate cceus eiebensi ees i Snoqualmie..... Puget Sound....Washington.......Puget Sound Pwr. & Lt. Co........ 26,810... 26,810...1899...1911 
Wedarstalls*anic > ies Sime eset ee Gedannieann,.7 Puget Sound....Washington.......City of Seattle.................... 56;800.-. 56,800. ..1904...1929 
WE ICCEE OME er ioresetsuste crastee' so et Srasene-e Pralluprere cece Puget Sound....Washington....... Puget Sound Pwr. & Lt. Co........ 30,161... 30,161...1904...1929 
WihhitemRivetimraccistcsisie neces WIHT CO sesersrate are oe Puget Sound....Washington....... Puget Scund Pwr. & Lt. Co........ 134,000... 80,429...1912...1916 
INSECTS AG aniod Sivoo Oo Oaemnaa Nisqually....... Puget Sound....Washington....... Citycor dD acomas.j.qiaytie neice +... 32,000...1912. . 1912 
Cushman NiO: lie criss cis sicin sieceren Skokomish-N. 
BS) eee ON Or Puget Sound....Washington....... CityFor Tacoma sacs sis eielenee sicistelene 50,000... 50,000. ..1926...1926 
Gish ptaMeNiO.7 2 sere ers eisree eteyerne oo Skokomish-N. 
se seiviate stata: Puget Sound... .Washington. 2.0... City of Dacoma. aqeecnee oeelee 112,500... 75,000. ..1931...1931 
Wont amin ei teres eke esele eis veyenerss Kootenay....... Kootenay....... Br. Columbia..... West Keotenay Pwr. & Lt. Co...... 57,000... 57,000. ..1932. ..19382 
Upper Bonnington..............Kootenay....... Kootenay....... Br. Columbia..... West Kootenay Pwr. & Lt. Co...... 62,000... 32,000...1907...1916 
Lower Bonnington.............. Kootenay. ss. Kootenay....... Br. Columbia..... West Kootenay Pwr. & Lt. Co...... 53,000... 53,000. ..1925...1926 
SOMt HTS OCAT ie: rsteiere sievererePsreseare oe Kootenay....... Kootenay....... Br. Columbia. ....West Kootenay Pwr. & Lt. Co...... 75,000... 75,000. ..1928...1929 
Wilatiweadtcrcmoticesoiisie eo cmenes Blatheadin. nace. Coltimbiatas.- «. Montana’e ..<.jcivie Montana: Pwrs Cok: cect sicstene wicreis 234,000... . .- Postponed 
Ahom pNSonplallss i eiyjaq ete cis ciate ale Dhompson...... Columbiazep..n Montana. tance Montana Pwr Coscesseemiciratelaniers 49,000... 49,000. ..1916...1916 
MALCLE els A etecscstece ho ssye.5 eee cers Spokane.......... Columbia....... Washington....... Wash: Water Pwr. Co... 2... ..%% 42,000... 42,000...1910...1911 
WOR RM aK Cae cesta © crus cacieteueens Spokane........Columbia.......Washington....... Wash= Water Pwr Coen ciuectersron 98,000... 98,000. ..1916...1924 
Grand&Colee Wa.serarte nes nis lavehe) «eke. Columbia....... Columbia....... Washington....... WU SY. Govt es of deem cten neta siete 2,660,000. ..147,000. ..1937... 
WakexGhelan secre scl teicis suctsnekuioe et © CGhelantes 2.6 one Columbiavsy.:.. Washilgton.... nec nelanim lee. Comertreeceiiienionas 136,000... 68,000. ..1927...1928 
PROCIIUSIS TIC co. occc cies wi sinie ne lesis Columbia.......Columbia....... Washington....... Puget Sound Pwr. & Lt. Co........ 210,000... 84,000. ..1933...1933 
PASICrICATAV EAN Starve ciets cies o\olo\'ny rere WMA Ke Meer verre Columbia....... Tdahowaes cane ccee Idaho Biwr- 5 Corse cwcssisisclciers ee itiors 41,500... 41,500...1912...1927 
Beil Rin Ore we ene «ash co itoarans WANA Vit chile cacnsve’s Columbia... ...... Oregosc. icc fees Portland Gen, Elec: Coin ccs oe ae 28,150... 28,150... 19125-31922 
BONMe Ville: cee cia. auras « vie ceeie erste Colttmbia 06... Columbiaiyecc. « COLEgOn ss sas ciierste UP SE GOvtnies see ciee crane ats teases 688,000. ..114,600...1938... 
OakiGrove <P ee yehiteaiec-ors asa bral ie Clackamas...... Columbiana... Oregon team caecers Portland ‘Gen. Elec. Cov... os. ss 102,546... 50,940. ..1924...1931 
Cazadero. Giese vas cw sieueateee Clackamas...... Columbia....... Oregon. ss cet Portland Gen. Elee.'Co..5 casuneece 20,442... 20,442...1907...1910 
West Linn (Clackamas Mill ‘‘A’”’)Willamette......Columbia....... OfregOnncc sche ces Crown Williamette Paper Co....... 29,982... 29,982. ..1889...1920 
PATIO Ley oarstate torcueleve s siere ee, own e o Aes WO WIS:.. tecattets,.- Columbia......-: Washington....... Inland’ Pwr deta Con. maces 126,000... 63,000. ..1931...1931 
IPTOSPECt ANON a. ysreurerteye ss cst. selene Roger... cs ROGUE rei occ fans Oregon Anes seus ne Calif.-Oregon Pwr: Co..........d.. 70,200... 46,800. ..1928...1928 
XIII—Middle North Pacific Drainage Area 
Pa SMRR Vy CRek rccorereieicveteiscovete: c\ercvele Ralisisescsas ms keenaromine ocr Br. Columbia.....Northern B. C. Pwr. Co. Ltd....... 32,000... 4,000...1930...1930 
Ocean Malle sncs veces mia seis wes LAM oa cea ae Bink mt e.. Br. Columbia..... Pacific Mills td oor ces ee eee sae 30;000.%. oe 
Powell sRaVverisisicsses1ete ore) >. ool» Rowellieny.asier Powell vv ccersts Br. Columbia..>.. Powell River|Co; Ltdionscn selves ..» 51,000. ..1910...1926 
OISPRAV.ET, Dartsie eile sel efencls) oe .choiahs TROLS ers ocala es Toisas Br. Columbia..... Powell’ River Coy Ltd5s.. ccc. cee 50/0005. 124,800) ooleraloan 
Reon nish So oddOar oOTOS Burrard Inlet... . Burrard Inlet.... Br. Columbia..... British Columbia Pwr. Corp........ 64,000... 64,000. ..1904...1913 
PB rtd Serv Clare) sleisteleieiesecceere  olaae Brid sewn. <cleiei- Braseteeeee sei bts) COlumpbiay ci. British Columbia Pwr. Corp........ 300,000... 56,000... Postponed 
ICAV EWA li Savtteraentancgarsls ce ofasert=> SLEEK Gp coo cdeos iraser eae Br. Columbia..... British Columbia Pwr. Corp........ 79,000... 79,000. ..1912...1925 
REG SH bob DOU Gece pad cae SHANG agschanend IME a as 8 ode) Br. Columbia..... British Columbia Pwr. Corp........ 188,000... 47,000. ..1930...1930 
(Caniye ale Sosocoopotgodenououer Campbell.......Campbell......-Br. Columbia..... British Columbia Pwr. Corp........ 110,000... Postponed 
POT GANT RAVER, jsteatyiele's(sle soi selec Ord anit IOGE Sa gnee cee Br. Columbia..... British Columbia Pwr. Corp........ 41,750... 41,750...1911...1914 
XIV—Hudson Bay Drainage Area 
Gene IS. sanooodacan as cosioon Churchill....... Churchill. Saskatchewan..... Churchill River Pwr. Corp......... 86,400... 44,400...1930...1930 
OSteirecisielets s slelerelsjivicz esis) wePs\el ie inwvedoosgcuea cd Nelson eae tr INP AEN nooo oo 35 Calgary, RwtalC Onn aris) seferectelereiiet 55,000... 38,000...1929...1929 
Horseshoe Hallst. «2 ers ie cis IBOWereiew ert scien INGRDM sooggbee ZA Debate etererstenstsiale Calgary Pwr. Co..........-..+005- 20,000... 20,000...1911...1911 
Great Falls: v.05 6. ss0-- 60s nee Winnipeg....... Nelson....-...-- Manitoba.........Manitoba Pwr. Co................ 168,000. . 168,000. . .1928. . .1928 
IShEMW ES adh puede owen enUe a Winnipeg....... Nelsonse er. 1-1 Manitoba......... WiatinipessElecyC ormerteerpieiairsts 37,800... 37,800...1906...1906 
Seven Sisters. 00.0... 6 6s ee eee Winnipeg....... INGEN gon scncd Manitoba........ as BAe ue or meee ee 225,000. ..112,500...1931...1931 
resbsth of 4AM e Ines G agioorkns Manitoba......... ity o innipeg Hydro Elec. Sys- 
RAZ SE Baie a Miparnce fer 16 ae eee ate ees 96,000... 24,000. ..1931...1931 
i i ATIMIPE Sieve ee = Nelson. ¢...0... NVlanitobas. icistereiats City of Winnipeg Hydro Elec. Sys- 
PRENSA ai ea a Waa eee chien nea eee eee 105,000. ..105,000. ..1911...1926 
ETIOR OY PSOALIG etremnie ters sctrayoielalietace sre Mattagami......James Bay..... Ontario Eitan Saar ineee Spruce Falls Pwr. & Paper Co...... 75,000... 75,000. ..1928...1931 
PIN WWATLEE ALLS). fc rctalsfel aiel overayescheahapetey elon IN Foe) BES an coed James Bay...... Ontario Src vagerste, eee sYone Abitibi BPwri& Papert Cocscc.cictee 30,000... 30,000. ..1922...1930 
Wroquois: Falls: cele < eciee eee nies Ait Dik eis sess James Bay...... Ontario. Boia oteateKs . Abitibi PvraccubapetiC Orspyinisrit sete 28,000... 28,000. ..1914...1917 
Eee hie Boop cooinacao Homo” INST oo oodes James Bay...... Ontario. whee doe SAbDIDE Pwr & Paper Cov. ocsciee ce 60,000... 60,000. ..1925...1926 
PIDIEI Ie ANY OF). rein cthixtar a :e eee ohapere PAID CLD erreseteoeter James Bay...... Ontagio gece eer Hydro-Elec. Pwr. Comm........... 330,000. ..132,000. . .1933...1933 
i i with the following drainage areas, which may be identified on the accompanying map of the United States: 
: Bee pean pees hie V Missouri River IX Gulf of California and Lower South Pacific xu Middle North Pacific 
II South Atlantic and East Gulf of Mexico VI Ohio River xX Great Basin XIV Hudson Bay 


i ississippi Ri XI Upper South Pacific 
Lak nd St. Lawrence River VII Lower Mississippi River i 
Se ee Riiesdippl River VIII Western Gulf of Mexico XII Lower North Pacific 
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Table Xll—Aggregate Horsepower Capacity of Turbines IX—Gulf of California Drainage and Lower South Pacific Area 


i i ifi tna ta’ the: . Coloradoms mac cteucicc tere sk Peer meets .... 588,420.... 588,420 
Installed or in Installation—Classified According to the othe aaa Ge fue Pike eras ie 
Different Drainage Basins Lerma lene tek eee Phas BB DOOUANG -... 65,000 
a Salih Totalseet ed concent ee Da eer 87,700.... 588,420.... 676,120 
Canada and : : 
New Foundland Mexico United States Total X—Great Basin Drainage Area 
Great:SaltsMakes sw tevouriects: 0 baal) (py caetarerste tanst 2LBL0007 2.4L OL;000 
Owens Lakes. cossscitete renin | | pl ip ippaeattaniens Pace soo | ere) 
I—North and Middle Atlantic Drainage Areas in ide ITT 
Tee akon es fetes .«..156;000,,... 24. a .... 156,000 otal ere close aia Cagle atte elec caitconge 
SS OF Glcre te sdeiy (ale wasn ails, syexa vane S0;0007. soon veto 200;000 XI—Upper South Pacific Drainage Area 
MerOhscateiac ices ee. eidysvonete seen 42,5000..... 42,500 
EMG O RE Mc Sar iste ia) Py) | hts Stace wee 668,000 325.2, 168,000 Relamath eno sca striae asec pele, Lscanekenter Seika 0977, 200) cee een OU. 
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Report of the 


= 


Board of Directors 


The board of directors of the American 
Institute of Electrical Engineers presents 
herewith to the membership its fiftieth 
annual report, for the fiscal year ending 
April 30,1934. A general balance sheet 
showing the condition of the Institute’s 
finances on April 30, 1934, together with 
other detailed financial statements, is in- 
cluded herein. This report contains a brief 
summary of the principal activities of the In- 
stitute during the year, more detailed infor- 
mation having been published from month 
to month in ELECTRICAL ENGINEERING. 


FIFTIETH ANNIVERSARY OF A.I.E.E. 


HE BOARD of directors approved recommenda- 
tions of the publication committee and the 
committee on codrdination of Institute activi- 

ties, and provided for the observance of the fiftieth 
anniversary of the organization of the Institute, on 
May 138, 1884, by the publication of a special issue 
(May 1934) of ELECTRICAL ENGINEERING and by the 
presentation, through the corresponding Section, of 
a suitable type of membership badge and certificate 
to each surviving Charter Member still on the 
membership list. It authorized the appointment by 
the President of the fiftieth anniversary committee, 
which coéperated with the publication committee in 
the preparation of the special issue of ELECTRICAL 
ENGINEERING, and has arranged for addresses vom- 
memorating the anniversary to be given at the 
summer convention by Past-President William Mc- 
Clellan and by Dr. William E. Wickenden. 


Directors’ MEETINGS 


The board of directors held 5 meetings, 4 in New 
York, and 1 in Chicago, Ill. The executive com- 
mittee held meetings in December and March, sub- 
stituted for the regular meetings of the board, and 
acted upon various matters between board meetings. 

Information regarding the more important activi- 
ties of the Institute which have been under considera- 
tion by the board of directors, the comunittees, and 
the various officers is published each month in the 
section of ELECTRICAL ENGINEERING devoted to 
“News of Institute and Related Activities.” 


PRESIDENT’S VISITS 


President Whitehead attended the winter con- 
vention and visited a large number of the Sections. 


JuLty 1934 


The following is a list of places visited: Phila- 
delphia, and Pittsburgh, Pa.; Washington, D. C.; 
Kansas City, Mo.; Omaha, Neb.; Denver, Colo.; 
Salt Lake City, Utah; Los Angeles, and San Fran- 
cisco, Calif.; Portland, Ore.; Seattle, and Spokane, 
Wash.; Vancouver, B. C., and Toronto, Ont., 
Canada; Bozeman, Mont. 

An invariable feature of these visits was a con- 
ference with the executive committee and other 
prominent members of the respective Sections, in 
which President Whitehead reviewed recent matters 
considered by the board of directors and other im- 
portant questions still before them. Emphasis was 
laid on the financial condition of the Institute as 
related to losses of membership and the importance 
of support to the active membership campaign now 
under way. Attention was also devoted to the nu- 
merous questions which have recently arisen concern- 
ing the profession of engineering as a whole, but 
which do not fall within the sphere of the normal 
functions of the Institute. President Whitehead 
described the several existing agencies which have 
already been set up in conjunction with the other 
founder societies for handling questions of this 
character, dwelling especially on the purposes of 
Americai Engineering Council, the Engineers’ Coun- 
cil for Professional Development, United Engineer- 
ing Trustees, Inc., and other similar joint organiza- 
tions. These reviews brought out much profitable 
discussion, and it was extremely satisfactory to find 
that there is little or no difference of opinion that the 
strength of the Institute rests largely in its adherence 
to its traditional ideals and functions, and that our 
participation in discussion of questions of contro- 
versial and semi-political character should be made 
through joint agencies with other branches of the 
profession, such as those referred to. 

These business meetings with the local Sections 
were usually held either before or during a dinner 
tendered the President by the Section. There- 
after adjourning to another hall and a much larger 
meeting, Doctor Whitehead delivered a lecture 
entitled ‘Liquid Dielectrics,” reporting some of the 
results of recent research in this field. The lecture 
was usually followed by a profitable discussion. In 
several Sections, Doctor Whitehead also addressed 
student Branches of the Institute and in such 
places faculties and student bodies contributed sub- 
stantially to the success of the meetings. 

Doctor Whitehead is especially appreciative of 
the many pleasures and courtesies of social character 
extended him everywhere. The board of directors 
wishes to add here its own appreciation and thanks 
to those of President Whitehead for his cordial re- 
ception everywhere by the Sections. 

In May and June, President Whitehead’s visits 
will include the summer convention in Hot Springs, 
Va., and other Sections. 


MEETINGS 
Two national conventions and one District meet-. 


ing were held during the year, and a brief report on 
each follows. 
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ANNUAL MEETING 


The annual business meeting of the Institute was 
held at the Edgewater Beach Hotel, Chicago, IIL, 
Monday morning, June 26, 1933, as part of the 
opening session of the annual summer convention. 
The annual report of the board of directors for the 
fiscal year ending April 30, 1933, was presented in 
abstract, and the committee of tellers reported 
upon the election of officers for the administrative 
year beginning August 1, 1933. President-elect 
Whitehead responded with a brief address. 


ELECTION OF HONORARY MEMBERS 


Six distinguished members of the Institute were 
elected Honorary Members by the board of directors 
on May 22,1933: W.L.R. Emmet, G. A. Hamilton, 
A. E. Kennelly, R. A. Millikan, E. W. Rice, Jr., and 
Edward Weston. Announcement of their election 
was made, certificates were presented, and each who 
was present responded briefly, during the opening 
session of the summer convention, Monday morning, 
June 26. 


SUMMER CONVENTION 


The forty-ninth annual summer convention was 
held at Chicago, Ill., June 26-30, 1933. Thirty- 
three papers were presented at 6 technical sessions. 
The annual conference of officers, delegates, and 
members, under the auspices of the Sections com- 
mittee and the committee on student Branches, 
was held on Monday, June 26, and Tuesday, June 
27, and 60 Section delegates, 3 District secretaries, 
and 6 counselor delegates were present. The enter- 
tainment features included golf and tennis tourna- 
ments, a dinner-dance, and various trips. The 
Lamme Medal for 1932 which was awarded to Dr. 
Edward Weston was presented during the opening 
session, being received, in the absence of Dr. Weston, 
by his son Edward F. Weston. 968 members and 
guests attended the convention. 


ENGINEERS’ WEEK 


Many engineering societies held their annual con- 
ventions in Chicago during the week of June 26-30, 
1933, which was designated as Engineers’ Week at the 
Century of Progress Exposition. The week was 
notable for the large number of joint meetings held 
by the various engineering and scientific societies. 
Wednesday, June 28, was devoted to joint activities 
of interest to members of practically all societies. 


WINTER CONVENTION 


The twenty-second winter convention was held 
in New York, January 23-26, 1934. Fifty-three 
papers were presented at 11 sessions. At an even- 
ing session, the Edison Medal was presented to Dr. 
Arthur E. Kennelly. Numerous inspection trips, 
a demonstration of the transmission and reproduction 
of speech and music in auditory perspective, a 
smoker, and a dinner-dance were held. The regis- 
tration was 1,227. 
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District MEETING 


Information on the District meeting held is given 
in Table I. 


Table I—District Meeting 


= 


District No. Dates Regis- 


tration 


Location Papers 


Thirteen Student papers were presented. 


SECTIONS 


Practically all Sections carried on a normal amount 
of activity, and nearly all of them agreed to keep 
their expenses for the present budget year at least 
20 per cent below the maximum amounts that would 
be available under the by-laws, as suggested by the 
board of directors. The total number of meetings 
held was only slightly below the total of last year. 

President Whitehead visited many of the Sections 
(see heading ‘‘President’s Visits’), and will visit 
others in May. 

The 4 groups of the New York Section and the 
power group of the Chicago Section continued a 
normal amount of activity and their meetings have 
been very popular among the members. 

In connection with the work of the national mem- 
bership committee, many of the Sections have made 
special efforts to retain their members and to en- 
courage those who had been forced to relinquish 
membership to be reinstated. 

The New Orleans Section was organized in January 
with the entire state of Louisiana as its territory. 
This brought the total number of Sections to 61. 

With the adoption of a publication plan under 
which members and enrolled students are receiving in 
ELECTRICAL ENGINEERING practically twice the 
amount of technical material previously supplied, 
it was necessary to reduce the news content. The 
publication committee, therefore, decided to dis- 
continue the publication of detailed reports on local 
meetings, but to provide for suitable news items on 
Section and Branch activities, the details to be 
developed between the publication committee and 
the Sections committee and the committee on stu- 
dent Branches, respectively. 

The fiftieth anniversary committee suggested that 
each Section and each Branch hold a meeting during 
May for appropriately observing the fiftieth anni- 
versary of the organization of the Institute. Many 
Sections and Branches are planning such meetings 
and making special arrangements for the presenta- 
tion of interesting historical information concerning 
the development of the Institute. 


STUDENT ACTIVITIES 


Nearly all Branches continued their activities in 
a normal manner, and the total number of meetings 
was almost equal to that for last year. Many of 
them have continued to place strong emphasis upon 
talks by students. 


ELECTRICAL ENGINEERING 


Upon the recommendations of the counselor dele- 
gates at the summer convention, the conference of 
officers, delegates, and members recommended to 
the board of directors the adoption of provisions for 
the enrollment in the Institute of evening students in 
electrical engineering in institutions offering evening 
courses considered by the committee on student 
Branches to meet the requirements outlined in the 
by-laws and for the organization of such evening 
students for Branch activities. Amendments to the 
by-laws to provide for such enrollment and for the 
organization of evening divisions of the correspond- 
ing student Branches were adopted, and the com- 
mittee on student Branches approved the enrollment 
of evening students of the following institutions: 
Polytechnic Institute of Brooklyn, University of 
Cincinnati, Cooper Union, George Washington Uni- 
versity, College of the City of New York, and New 
York University. 

In adopting the budget for the present year, the 
board of directors provided an allowance for travel- 
ing expenses for a District conference on student 
activities in each District having a committee on 
student activities. 

Nearly 50 per cent of the enrolled students whose 
periods of enrollment expired on April 30, 1934, 
applied for admission as Associates. 

New Branches were organized at South Dakota 
State College, Brookings, So. Dakota, and Villa- 
nova College, Villanova, Pa., bringing the total 
number to 113. 

See the last 2 paragraphs under the heading 
“Sections” which contain material concerning Sec- 
tions and Branches. 


SECTION AND BRANCH STATISTICS 


Data on the Sections and Branches are given in 
Table II. 


Table II—Section and Branch Statistics 


For Fiscal Year Ending 


April 30, April 30, April 30, April 30, 

1928 1930 1932 1934 
Sections 
INtimberiof Sections........-0¢..- + 52s. SGireve 60... 61 
Number of Section meetings held... 431... 480... 497 oa (472. 
Motaluattend ave ies cise clerele aieis\s)> 64,276. ..84,615...105,325...73,271 
Branches 
Number of Branches.............. 96g BLOC Le. LOOM ca 113 
Number of Branch meetings held... 915... 1,009... 1,135... 1,015 
Motaleaccend ance acre telclesersiiele: cue. scsis 44,334...50,401... 54,197...41,772 


TECHNICAL PROGRAM COMMITTEE 


In addition to its routine functions the technical 
program committee has devoted a good portion of its 
time to analysis of its duties, division of work be- 
tween technical committees, and like matters with a 
view toward achieving better balance among tech- 
nical activities. It has obtained working agreements 
as to division of work between technical committees, 
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better delineation of scopes of individual committees, 
and in general a more harmonious and efficient func- 
tioning of this portion of Institute work. 

Analysis of the character of material presented 
has been continued with the result that some of the 
committees which previous analysis showed to lag 
in the amount of material presented have been 
encouraged to greater activity. In the field of elec- 
trochemistry and electrometallurgy a symposium on 
electric furnaces was held during the winter con- 
vention, which brought out 7 valuable papers and 
considerable discussion on this subject. In the 
field of education a session also was held which 
proved to be of broad general interest. 

The committee has reviewed 175 papers during 
the year. Of this nuniber, 101 were presented at the 
2 national conventions and 1 District meeting held 
during the year and 90 of these have been recom- 
mended for publication in the ‘TRANSACTIONS. 
Of the remainder, 74 papers, 26 have been published 
in ELECTRICAL ENGINEERING and some of these have 
been scheduled for future meetings, while others are 
awaiting publication; a few have been returned to 
the authors. The total attendance for the 3 meet- 
ings during the year was 2,626, 9.9 per cent less than 
the total attendance of the previous year, during 
which 2 more meetings were held. The attendance 
at the winter convention alone was 1,227, represent- 
ing an increase of 111/. per cent over the attendance 
for the same convention the previous year. De- 
tails regarding the attendance and number of papers 
presented at each convention are given in Table III. 

The committee has fostered the attempt to achieve 
short and interesting presentation of papers, thus 
allowing more time for discussion. Presentation of 
papers by title only has been tried experimentally 
with quite good results. The papers thus presented 
were all published previously and presumably had 
been read by practically every one in attendance. 
Stricter adherence to time limit on discussions was 
also urged with the result that the conduct of meet- 
ings is approaching a smoother performance. 

The new publication policy of the Institute has 
resulted in a material change in scheduling the re- 
ceipt and publication of papers. The committee 


Table IIl—Attendance and Numbers of Papers Presented 
April 30, 1933, to April 30, 1934 


No. 
Papers 
No. Recom- No. 
Papers No. mended of 
Pre- Pages for Ses- Attend- 
Meetings sented Printed TRANS. sions ance 
National Conventions 
Summer convention, Chicago, IIl., 
June 26-30) L983 ee. einer ee are Sols ciate 226...%. Slane 1Ot SS 968 
Winter convention, New York 
January 23-26, 1934............. GSitack REYES AO Wena I eoctsS 1,227 
4 Roy 2 arse tore RRO HENS CA OLPODICT SOs BOton. DOSar mire SOmeeus DL scosmte 2,195 
District Meetings 
North Eastern District, Schenec- 
tady, N. Y., May 10-12, 1933.... 15..... Ooi Kier i Olbrereyeye A oc iiwues 431 
Grand )totalanerie clecie 16 65:00 1 ONE vary. 625k LOM ten 25) tise O26 
* Includes 4 joint meetings with other societies. 
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has been able to offer the publication committee 
complete codperation and the transition from the 
old basis to the new is being accomplished with no 
major difficulties. 

The code of the meetings and papers committee 
has been revised to conform to the recent changes in 
routine and procedure and will be reissued as the 
code of the technical program committee. 

Suggestions from individuals, Sections, Districts, 
and other committees have been received, examined, 
and, if possible, incorporated within the activities 
of the committee. 

Acknowledgment by the committee for codpera- 
tion in handling its complex interrelationships is due 
to authors, technical committee members, reviewers, 
the headquarters staff, and to the committee’s 
permanent secretary. 


PUBLICATION COMMITTEE 


The completion of further studies of the many 
problems involved in the production of the Insti- 
tute’s publications made information available upon 
the basis of which the publication committee early 
in the fiscal year recommended extensive and impor- 
tant changes in the publication policy and procedure. 
Recognizing the pressing necessities of the present 
economic situation, and recognizing also the de- 
sirability of improving the Institute’s publication 
service to its individual members, the committee 
recommended the elimination of the costly duplica- 
tion in publication represented by the traditional 
issuance of individual pamphlet copies of technical 
papers, and recommended the consolidation of the 
monthly and the quarterly publications. 

The several related proposals were discussed at 
length at the conference of officers, delegates, and 
members held in connection with the forty-ninth 
annual summer convention in Chicago, and by that 
body were recommended favorably to the board of 
directors. Accordingly, at its regular meeting 
August 8, 1933, the board of directors ratified the 
proposals involved in the new publication policy 
and recommended their immediate application, 
with the understanding that further details would be 
developed by the publication committee. The 
details involved have been dealt with extensively in 
ELECTRICAL ENGINEERING (first and second covers, 
September 1933; p. 665, October 1933; p. 793, 
November 1933) and consequently they will be only 
summarized here. 

ELECTRICAL ENGINEERING will continue to be 
published monthly as the Institute’s official technical 
organ, becoming the primary publication by virtue 
of enlargement to include the full text of all recom- 
mended A.I.E.E. papers, and the acceptable dis- 
cussions thereon. The quota of special articles and 
other features that have proved so popular since 
January 1931 is scheduled to be maintained as 
previously established. Some routine departmental 
material that proved to be of but little value and 
only limited interest has been omitted or reduced to 
a conciseness commensurate with its usefulness. 
Thus every member of the Institute will receive 
month-by-month in a timely fashion all the Insti- 
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tute’s technical material in addition to other material 
of current interest. This is a further step in the 
development of an adequate publication policy un- 
dertaken seriously by the publication committee in 
1929, and continuously under consideration and de- 
velopment since that time. 

The TRANSACTIONS, previously issued quarterly, 
now are to be issued at the close of each calendar 
year as an annual volume embracing the contents of 
the 12 issues of the monthly publication for that 
year. Because this annual volume will be a dupli- 
cate publication and will be desired only by a minority 
of the membership, a nominal subscription price 
($4 yearly to members) is being charged for a cloth 
bound volume estimated to contain about 1,400 
pages. 

Technical papers and discussions, to a large degree 
if not entirely, will be released for publication in 
ELECTRICAL ENGINEERING immediately upon the 
logical completion and technical review of the manu- 
scripts, instead of having the release of contemporary 
manuscripts controlled artificially by some advance 
meeting date. Because of this improved general 
distribution of technical papers, the production and 
free distribution of separate pamphlet ‘copies of 
technical papers has been discontinued. 

For economic reasons the application of the uni- 
fied plan was undertaken in the fall and winter 
of 1933-4. This rapid changeover caused several 
new, although temporary, problems to be involved, 
such as oversize monthly issues of ELECTRICAL ENGI- 
NEERING. However, both the Institute membership 
and the Institute budget have profited by the - 
advanced changeover. It is contemplated that - 
the program will be in full and smooth operation by 
the close of the current calendar year, if not before. 

In commemoration of the founding of the Institute 
May 13, 1884, ELecrRICAL ENGINEERING for May 
1934 was enlarged and issued as an Anniversary num- 
ber, reflecting the highlights of Institute history. 


STANDARDS 


During the past year, since April 30, 1933, it 
has been found necessary to call only 3 meetings 
of the standards committee. The time of the com- 
mittee at those meetings was devoted almost entirely 
to matters of organization of committees and co- 
ordination of projects in hand or proposed. 

Due to the many changes which have occurred 
in both membership of the Institute and the per- 
sonnel of companies and organizations, a consider- 
able number of new appointments of A.I.E.E. 
representatives on various sectional committees of 
the American Standards Association and on stand- 
ardizing committees of other organizations have 
been made. 

Several new propositions for standardization have 
been presented to the committee for consideration 
and recommendation as to disposition. Among 
these may be noted the following: Modification of 
standards for temperature limits of insulation; 
standardization of depreciation in electrical ma- 
chinery and apparatus; and development of a color 
code for control wiring. In addition, a number of 
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suggestions for revision of existing A.I.E.E. stand- 
ards and American standards were received and 
transmitted to the committees concerned. 

Seven standards have received the approval of 
the A.S.A. either as “American Standards’ or 
“Tentative Standards.’’ Four of these were stand- 
ards appearing in the A.I.E.E. series and 3 were 
developed by a sectional committee of which the 
Institute was a joint sponsor. The standards ap- 
proved were as follows: Constant Current Trans- 
formers; Graphical Symbols for Electric Power 
and Wiring, for Radio, and for Electric Traction, 
including Railway Signaling; Capacitors; Electric 
Arc Welding Apparatus; Resistance Welding Ap- 
paratus. In November 1933, the sectional com- 
mittee on Rotating Electrical Machinery issued its 
first report on ‘Proposed American Standards for 
Rotating Electrical Machinery.” This report, when 
it eventually reaches the status of a standard, will 
replace the 5 present A.I.E.E. rotating machinery 
standards which were used largely as the basis of 
the report. 


U.S. NATIONAL COMMITTEE OF THE I.E.C. 


The work of the International Electrotechnical 
Commission has been somewhat hampered during 
the past year by world economic conditions. Only 
one meeting of the U.S. National Committee has 
been necessary to take care of participation by the 
United States in I.E.C. work. 

Progress was made on specific technical projects 
during the year as follows: 


1. International . Electrotechnical Vocabulary. A meeting of the 
international advisory committee which has in preparation a com- 
prehensive electrotechnical vocabulary in French and English was 
held in Paris in October. It is now proposed that the French por- 
tion of the vocabulary will be prepared first and it is hoped that it 
will be possible to submit this part to the I.E.C. within the next 
year. After this is done the English edition will be prepared through 
cooperation with the British and U. S. National Committees. 


2. Electric and Magnetic Magnitudes and Units. A meeting of this 
section of advisory committee No. 1 on nomenclature was held in 
Paris in October under the chairmanship of Dr. A. E. Kenielly. 
Recommendations in regard to unit names, unit symbols, definitions 
of the cgs units and the conventional direction of inductively re- 
active power in diagrams were arrived at and will be submitted later 
to all of the national committees of the I.E.C. A complete state- 
ment of the status of this work is contained in ELECTRICAL ENGI- 
NEERING for March 1934, p. 402-5. 


3. Electric Traction Equipment. At a meeting of the conimittee 
of action of the I.E.C. held in Paris in October it was decided to 
publish the revised rules for electric traction equipment. Such 
publication was objected to by the U.S.N.C. on the grounds that 
the rules as proposed were contrary to the best engineering opinion 
in this country and would result in unfavorable changes in both 
cost and efficiency. The first page of the publication contains a 
statement to the effect that the rules have been objected to by the 
U.S.N.C. The document is designated as ‘I.E.C. Publication No. 
48—Rules for Electric Traction Motors” (1st edition 1933). 


During the year technical advisors were appointed 
for the 2 advisory committees organized the preced- 
ing year, F. M. Farmer as technical adviser on the 
subject of electric cables (I.E.C. committee No. 20) 
and Dr. George W. Vinal as technical adviser on 
accumulator batteries (I.E.C. committee No. 21). 

The meeting of advisory committee No. 19 on 
internal combustion engines, scheduled for last 
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September in this country, was not held because of 
the fact that so many of the foreign national com- 
mittees found it impossible to send delegates. 

The plenary meeting of the I.E.C. which had been 
scheduled for 1934 in Prague has been postponed 
until 1935. No definite time has been set and no 
place decided upon but the suggestion has been 
made that it would be well to hold the meeting in 
Brussels during the universal exhibition which will 
take place in 1935. 


COORDINATION COMMITTEE 


In accordance with past practice, the committee 
corresponded with District and Section officers to 
obtain their views regarding any national con- 
ventions and District meetings desired in their 
respective Districts during the calendar year 1935. 
On account of economic conditions, the committee 
recommended to the board of directors, at its meet- 
ing held on January 22, 1934, that the adoption of a 
schedule of 1935 meetings be postponed to the May 
meeting of the board, and this recommendation was 
approved. 

The committee considered and reported to the 
board of directors upon various matters which had 
been referred to it. 


COMMITTEE ON THE 
ECONOMIC STATUS OF THE ENGINEER 


The activities of this committee were largely re- 
ferred to and handled by the Institute’s delegation 
on Engineers’ Council for Professional Develop- 
ment, which was organized in 1932. 


COMMITTEE ON SAFETY CODES 


No meetings of the committee were called this 
year, as no matters were presented either from within 
the committee or from outside organizations to 
warrant calling a meeting. 

The Institute was represented by delegates from 
the committee on safety codes at the meetings of the 
National Fire Waste Council, in Washington, and 
the National Fire Protection Association, in Mil- 
waukee. 

The chairman of the committee worked with the 
National Safety Council on their recently revised 
“Safe Practices Pamphlet No. 29 on Electrical 
Equipment in Industrial Plants,’’ and carried on 
correspondence in connection with arranging for 
speakers for the annual safety congress of the Na- 
tional Safety Council held in Chicago in 1933. 

The chairman of the committee on safety codes 
of the A.I.E.E. has continued to function as the 
chairman of a special committee of the electrical 
committee of the National Fire Protection Associa- 
tion on the use of bare neutral in interior wiring 
systems. It was desirable to have an engineering 
representative as chairman of this special committee 
and, if possible, an individual with central station, 
manufacturing, and actual wiring experience. This 
subject has been an active one and has involved 
considerable correspondence and activity for the 
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chairman and the special committee. The subject 
is still active and continuing. In its ramifications 
it involves the function of water mains, and services, 
in connection with the grounding of distribution 
and house wiring systems. Considerable material 
has been gathered, but no report has as yet been 
rendered. 


TECHNICAL COMMITTEES 


The technical committees continued their activi- 
ties in the stimulation of the preparation of desirable 
papers in their respective fields and in the review of 
papers submitted to the Institute for presentation 
and publication. Information on meetings, papers, 
and publications is given on other pages of this 
report. 


MEMBERSHIP COMMITTEE 


The membership committee with a complete Dis- 
trict and Section organization has been working dili- 
gently to obtain applications for membership, to 
bring Students into Associate membership, and to 
urge and help members to reinstatement. The re- 
sults are shown in the accompanying tables. 

Table IV gives the annual membership statistics 
in the usual form. 


Table |!V—Membership Statistics for the Fiscal Year Ending 
April 30, 1934 


= = 


Six-Year 


Honorary Fellow Member Associate Associate Total 


Membership on 


Apri SOs 1933. cates seis avs Dee ee Lok. se 1b; OO Leics OOVOd Laws Opt alates -LecO20 
Additions: 
PR PMVIGLELTEG yo 4 Gu Gre oe 6:01 Giron LOn.sicta, 14 750 
New members qualified........... De ce SOc Qhbocess Got 
Former members reinstated........ 2 OS ae TSeen £hGacae ced 
TRAE! bos Se OO See 15 156. oo O59 arn, 3 054805 0. 0,422.0. 018;002 
Deductions: 
MOTO CEM tame ees Oe Ac cael o sions HADeon. | skies, brite ile} 
CSE PATEL aloes ora, S nie) ce ev olnve sia7ete's aj2le0 See Nel csccp olOwsde 18S 
CNRATOTE aot GARB han ne OCOD SEA Soc MON LOT tae Tok 
PPO REC teieiseio te mictoyeiecsie.reiaie <1 <fes ates LO oe OO ee OO Leste POOL 


Membership on 


J We US Oh CBS Be SOB oon OeOrG 1S. cod 14s 53;,693:. 20,149... 4.6595. 2 15:230 


Table V shows the number of applications received 
from enrolled Students and from all others during 
each of the past 4 fiscal years. Fewer Students’ 
applications are being received for Associate member- 
ship, and the number of applications received from 
all others during the past year was larger than for 
the preceding year. 


Table V—Number of Applications Received From Enrolled 
Students and From All Others 


Year Ending From Students From All Others Total 
April sO; 1984. . .5 occas ees AGT Saree eal Mame ae 4980) te caeiieen 965 
FAC SOL ISOS syore's viel sicie uals La eer pean en eee eae SOD Se Sacre ees 979 
PIES OU LO aes were marae a's TAD re Siioece wrenches he SOL2- eee LEoOL 
ADE SO eo odem sor ote nee BSS Sad ee en eee Ue ar, Saale Ore 


Table VI shows that the number of enrolled 
Students has been decreasing. It is of major impor- 
tance to the Institute that the Student enrollment be 
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maintained for future membership. While Student 
enrollment is under the auspices of the committee on 
Student Branches, the membership committee is re- 
sponsible for obtaining applications from enrolled 
Students for admission to the Associate grade. 


Table VI—Number of Enrolled Students 


April 30, 1934...............3,186 (1,548) 
April 30, 19835. s..).0% -- 4--11-9)200)(1,494) 
April 30, 1932...............3,700 (1,624) 
Ap tilts OOS Iter terete 3,813 (2,218) 


(Following the number of Students reported for April 30th of each year is indi- 
cated, within parentheses, the number of new applications received during that 
year; the difference between this number and the reported total, of course, re- 
flects the number of renewals of Student enrollment for the corresponding 
period.) 


Considerable effort of the membership committee 
has been devoted to encouraging and helping mem- 
bers in arrears for dues, and thereby subject to sus- 
pension, to be reinstated to active membership. 
The figures of Table VII show the results of this 
effort. In these results, the committee feels there is 
cause for satisfaction. 


Table Vil—Number of Members in Section Territory Rein- 


stated 
August) 1>1933;,to April 30) 1934.20 eee varieaern nei reeie ens 603 
Vear beginning Auguste lf, 1932.05 0 sais on eee se errs cet 277 
Year beginning August) 103i y.rsarecieir rier heide en leeretren Sau 
Year beginning, Augustels 19300. oro cieteieteletat neon te atatatenet tetetenete 375 


The membership committee has received verbal 
and written communications urging leniency in car- 
rying members faced with unfavorable financial 
circumstances. Table VIII shows the figures in this 
regard. 


Table Vill—Membership of the Institute, April 30, 1934 


Of the 15,230 membership reported for April 30, 1934, 11,028 are fully paid to 
April 30, 1934. The balance of 4,202 are divided into the following groups: 


1. Members owing dues to May 1, 1933. 
Total number of members who have not acted upon resolution of 
board of directors adopted in January 1934 providing an extension of 
time for payment of these dues (including 826 members of 6 years’ 
standing or longer who were entitled, upon application, to dues can- 


cellation if unemployed during corresponding fiscal year)............. 1,874 
Total number of members who obtained dues cancellation to May l, 
1933, because of unemployment reasons (80), or who have received an 
extension of time (48), but who have not yet renewed active member- 
ship on pro rata basis for current year, as provided in resolution of 

board of directors adopted in January 1934...... TiO Cre Oats eteneieate 128 

2,002 

2: Members. owing dues'to May 1, 1934: cece oe cre sieus echt eetinre 2,200 


(During the period May 1 to 22, 1934, 353 members have paid dues to 
May 1, 1934, reducing the total to 1,847.) 


The large number of letters sent out by head- 
quarters staff pursuant to the resolutions of the 
board of directors, together with many answers from 
members afford convincing proof that the attitude 
has been liberal. If occasions arise where it ap- 
parently has not seemed liberal, they are, undoubt- 
edly, due to misunderstandings. 

As a comparison, the figures of Table [X are of 
interest: 
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Table IX—Memberships Fully Paid 


Number of 
Members Fully 


Membership as_ Paid as of Per cent 
of April 30 April 30 Fully Paid 
NS ere ase wl ae. ai ais ehateyousvaverelaraiwis oi ete aw due PONZ SOs WSO 28 ee retacies 3 72.4 
1927 (year of maximum membership). ..18,344......... GPa err tetitayel < 88.5 


DEATHS 


The following deaths have occurred during the 
year: 


Fellows: Harold DeForest Arnold, Ernest J. Bechtel, Frederick N. 
Bosson, Byron T. Burt, Alexander Churchward, Charles F. Conn, 
Harry C. Cushing, Jr., Minor M. Davis, Clarence E. Doolittle, 
Giuseppe Faccioli, William J. Hammer, William S. Lee, James 
Lyman, Kempster B. Miller, John H. Morecroft, Everett Morss, 
Niels L. Mortensen, Farley Osgood, Frank W. Peek, Jr., Norman N. 
Ross, Edson O. Sessions, H. A. Sinclair, George O. Squier, J. Frank- 
lin Stevens, Calvert Townley, George M. Yorke. 


Members: Albert E. Alkins, Frank H. Bernhard, Lee Boyer, Bur- 
ton H. Brooks, Arthur A. Brown, William A. Bucke, T. Herbert 
Clegg, G. Herbert Condict, Harry A. Curtis, Henry H. Cutler, 
Harry T. Edgar, Augustine R. Everest, Charles L. Fortier, Albert 
L. Harvey, Murray J. Idail, Herbert E. Kaighn, Louis F. Leurey, 
Cyril F. Mackness, Walter C. Mangels, Norman Marshall, George 
J. Newton, C. W. Nitschke, Francis L. O’Bryan, Joseph D. Peters, 
William B. Potter, Thorburn Reid, Charles H. Schum, Robert 
Shand, Carleton W. Smith, Harold W. Smith, John E. Sumpter, 
Charles S. Thompson, Roberto J. Urie, George C. Ward. 


Associates: R. Narayana Aiyangar, Charles G. Beckwith, John C. 
Benjamin, Norman McD. Crawford, Herbert H. Dewey, Paul De- 
witt, Jetha N. Diwan, William A. Ferguson, James G. Finley, Leon 
H. Frank, Otto T. Gierisch, Maurice Grunfield, J. Henry Hackett, 
Grenville A. Harris, Herman T. Hauser, Paul H. Jaehnig, E. C. 
Joho, Charles F. Kaesemeyer, Shizuo Katoh, William W. Ker, 
Myles B. Lambert, William F. Lamme, Charles V. Lenehan, Robert 
Lindsay, Marion B. Lines, Daniel R. Lyden, George B. McElheny, 

- Charles A. McGeehan, Charles F. Medbury, Edward A. Mellinger, 
Veator D. Mendenhall, Vance W. Miller, Edward F. Morrill, Edson 
L. Morris, Ord Myers, M. Alfonso Porras, Frederick J. Rasmussen, 
Walter D. Ryan, Clare N. Stannard, Horace W. Steinhoff, Emanuel 
W. Sundberg, Paul S. Sussan. 


BOARD OF EXAMINERS 
The board of examiners held 9 meetings during 


the past year, averaging about 2.5 hr, and considered 
2,277 cases, divided as shown in Table X. 


Table X—Applications for Admission and Transfer 
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Applications for Admission: 


Recommended for grade of Associate.........c ese cecerececeseeers 771 
IO EALECOMMeN GE eiejiereirielclerehelsi« ele lelelsic ele oles |e wiels's sisle feiss 0 e/eleise)s\s 5 
776 
Recommended for grade of Member..........-.eeeeee esse ere eeeeee 48 
ENOL LECOMMENGCE. . icc ccc clesecide ces sie scab seresiecwsvneseseuecens 12 
60 
Recommended for grade of Fellow........ ces ceecer ee eceresereres 1 
INOG ECCOMMICNOCH miele wiele e ricielelocicicleisiele clele cls wie cose sess ses tinericce 2 
3 
Recommended for enrollment as Students......e.eeeeeeeeeeeerees 1254 
Applications for Transfer: 
Recommended for grade of Member......... 0. eee ee eee cence eres 154 
Not recommended......cccccscccssssccccccccsccceseresersssrere 3 
157 
Recommended for grade of Fellow.......s.eseeeserereeerersrceees 25 
IN Ot TeECOMIMENded. 2.2.0 ccc cece ese r nese recs esscereceeeressseve 2 
— 27 
2277 
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INSTITUTE PRIZES 


Five national prizes and 9 District prizes for 
papers presented in 1932 were announced on p. 
424 of the June 1933 issue of ELECTRICAL ENGI- 
NEERING. The nationai prizes were presented at 
the summer convention in Chicago, and the District 
prizes were presented at various meetings in the 
respective Districts. 


SCHOLARSHIPS 


The governing bodies of Columbia University 
have placed at the disposal of the Institute each year 
a scholarship in electrical engineering for each class. 
The awards are made annually by an Institute com- 
mittee. Each scholarship pays $350 toward annual 
tuition, with provision for reappointment. 

Complete details governing prizes and scholar- 
ships may be obtained by applying to the national 
secretary of the Institute. 


EDISON MEDAL 


The Edison Medal, founded by associates and 
friends of the late Thomas A. Edison, is awarded 
annually by a committee consisting of 24 members 
of the Institute “for meritorious achievement in 
electrical science, electrical engineering, or the elec- 
trical arts.”’ The medal for 1933 was awarded to 
Dr. Arthur E. Kennelly, “for meritorious achieve- 
ments in electrical science, electrical engineering, 
and the electrical arts as exemplified by his contribu- 
tions to the theory of electrical transmission and to 
the development of international electrical stand- 
ards.”” The medal was presented at the winter 
convention of the Institute, January 24, 1934. 


JouN Fritz MEDAL 


The John Fritz Medal board of award, which is 
composed of representatives of the national societies 
of civil, mining, mechanical, and electrical engineers, 
awarded the thirtieth medal to John Ripley Free- 
man, posthumously. 


LAMME MEDAL 


The Lammme Medal was founded as a result of a 
bequest of the late Benjamin G. Lamme, chief engi- 
neer of the Westinghouse Electric and Manu- 
facturing Company, who died on July 8, 1924. 
The bequest provides for the award by the Institute 
of a gold medal (together with a bronze replica 
thereof) annually to a member of the A.I.E.E. 
‘who has shown meritorious achievement in the 
development of electrical apparatus or machinery” 
and for the award of 2 such medals in some years if 
the accumulation from the funds warrants. 

The Lamme Medal committee of the Institute 
awarded the sixth (1933) Lamme Medal to Dr. Lewis 
B. Stillwell, ‘for his distinguished career in con- 
nection with the design, installation, and operation 
of electrical machinery and equipment.” Arrange- 
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ments are being made for the presentation of the 
medal at the annual summer convention at Hot 
Springs, Va., June 25-29, 1934. 


ALFRED NOBLE PRIZE 


This prize, established in 1929, consists of a certifi- 
cate and a cash award of $500 from the income 
from a fund contributed by engineers and others to 
perpetuate the name and achievements of Alfred 
Noble, past-president of the A.S.C.E. and of the 
Western Society of Engineers. It is made to a 
member of any of the codperating societies, A.S.C.E., 
A.I.M.E., A.S.M.E., A.I.E.E., or W.S.E., for a tech- 
nical paper of particular merit accepted by the 
publication committee of any of these societies, 
provided the author, at the time of such acceptance, 
is not over 30 years of age. The third award (1933) 
was made to C. Maxwell Stanley. 


COMMISSION OF WASHINGTON AWARD 


This award may be made annually ‘‘to an engineer 
whose work in some special instance, or whose ser- 
vices in general have been noteworthy for their merit 
in promoting the public good,” by a committee com- 
posed of 9 representatives of the Western Society of 
Engineers and 2 each from the A.S.C.E., the 
A.I.M.E., the A.S.M.E., and the A.I.E.E. 


IWADARE FOUNDATION COMMITTEE 


As this is the first report of the Iwadare Founda- 
tion committee, an outline of its work since its ap- 
pointment and a brief statement of its functions are 
included. 

In 1929 Mr. K. Iwadare of Japan established and 

generously endowed a Foundation under the trustee- 
ship of the Denki-Gakkwai (The Institute of Elec- 
trical Engineers of Japan) with a 2-fold purpose: 
1. To provide from the income the means for enabling promising 
Japanese students to reside in the United States for a period of one 
year for the purpose of carrying on studies in electrical engineering 
colleges, the plants of electrical industries, and government institu- 
tions; and 


2. To provide from the income the means for bringing to Japan 
from time to time noted American electrical engineers to deliver a 
series of lectures on American advances and practices in the electrical 
arts. 


As the Japanese Institute naturally looked to 
our Institute for guidance in carrying out this 
program in the United States, the Iwadare Founda- 
tion committee was appointed by the President of 
the American Institute of Electrical Engineers in 
December 1931, to assist the Japanese Institute in 
carrying out the provisions of the Iwadare Founda- 
tion. 

The committee appointed consisted of F. B. Jew- 
ett, chairman, W. I. Slichter, and Gerard Swope. 
This committee served until August 1, 1933, at 
which time Professor Slichter’s term expired. At 
that time, Dr. C. E. Skinner was appointed to this 
committee, and the present membership consists of 
F. B. Jewett, chairman, Gerard Swope, and C. E. 
Skinner. 


1102 


The first purpose of the Iwadare Foundation has 
been handled in the main by the Japanese Institute 
of Electrical Engineers. From time to time, re- 
cipients of such fellowships have come to our country 
and, under the guidance of our national secretary, 
have been enabled to carry on work in the field of 
their choice. Five Fellows so far have visited this 
country, namely: 

Masanarvu Hosural, Assistant Professor of Electrical Engineering 
at Tokyo Imperial University. 


TaKEO AKAHIRA, Research Engineer of the Institute of Physical 
and Chemical Research. 


Tomoyvosut Hirota, Assistant Professor of Electrical Engineering 
at Waseda University. 


Kicuizo SAKAKIBARA, Electrical Engineer. 


-SHINTARO Upa, Assistant Professor of Electrical Engineering at 


Tohoku Imperial University. 
The sixth Fellow, 


Y. Takanasui of the Meidensha Elec. Works, Tokyo (Part-time 
lecturer at Imperial University) 


called at Institute headquarters on April 25, 1934. 

The second purpose of the Iwadare Foundation 
has not so far worked out entirely as intended. Dr. 
A. E. Kennelly of Harvard University was invited to 
lecture in Japan before the Iwadare Foundation 
committee was appointed. He went to Japan late 
in 1931. Since his visit, largely due to the de- 
pression, no other lecturer has visited Japan under a 
grant from this Foundation. The late General J. J. 
Carty, at one time vice-president of the American 
Telephone and Telegraph Company, and Dr. Frank 
J. Sprague, president of the Sprague Safety Control 
and Signal Corporation, both past-presidents of the 
American Institute of Electrical Engineers, and 
E. M. Herr, formerly president of the Westinghouse 
Electric and Manufacturing Company, had each 
accepted an invitation to go to Japan, but circum- 
stances arose which precluded their final acceptance. 
A few other candidates of suitable caliber from 
industrial organizations, solicited by your com- . 
mittee, could not at the time leave the United States. 

Last fall Dr. C. E. Skinner, past-president of the 
American Institute of Electrical Engineers, on the 
recommendation of your committee, accepted an 
invitation from the Japanese Institute to be the next 
lecturer from the United States, and he is now in 
Japan and plans to remain there during April 1934. 

The Japanese Institute of Electrical Engineers 
has requested the American Institute through your 
committee to select another lecturer for next fall. 
Although it is the desire of the people in Japan in 
general to select 2 representatives from industry to 
one from university circles, it may be impossible this 
year to adhere strictly to this preference and it may 
be that your committee will make the next selec- 
tion from university circles, although if possible the 
next appointee will be from the industrial field. 


ADVISORY COMMITTEE TO 
New YorRK MUSEUM OF SCIENCE AND INDUSTRY 


The committee, during the past year, has been in 
conference with Dr. C. R. Richards, director of the 
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New York Museum of Science and Industry, and 
has made a survey of the exhibits of the Museum, 
particularly with reference to the developments in 
the generation, distribution, and application of elec- 
tricity. 


EMPLOYMENT SERVICE 


The Institute codperates with the national so- 
cieties of civil, mining, and mechanical engineers in 
operation of the Engineering Societies Employment 
Service with its main office in the Engineering So- 
cieties Building, New York. Offices are operated 
in Chicago and San Francisco also. In addition to 
the societies named, others coéperate in certain of the 
offices as follows: New York—Society of Naval 
Architects and Marine Engineers; Chicago—West- 
ern Society of Engineers; San Francisco—California 
Section of the American Chemical Society, and the 
Engineers Club of San Francisco. 

The New York office has codperated closely with 
the Professional Engineers Committee on Un- 
employment which was organized in the fall of 1931 
by the local Sections of the A.S.C.E., A.I.M.E., 
A.o.M.E., and A.J.E.E. 

The service is supported by the joint contributions 
of the sucieties and their individual members who are 
benefited. As in the past, it consists principally 
in acting as a medium for bringing together the em- 
ployer andtheemployee. In addition to the publica- 
tion of the employment service announcements 
monthly in ELECTRICAL ENGINEERING, weekly sub- 
scription bulletins are issued for those seeking posi- 
tions. 

An analysis of this employment service is given in 
Table XI. 


Table Xl—Analysis of Employment Service 


Men Registered Men Placed 
New San New San 
Month York Chicago Francisco Total York Chicago Francisco Total 
1933 2 
IMA a aaeeeas HD Denn Greene O Ole ae tod eres LOO a5) (OO «sie Some O 
MNCS oo 5. es L5G? ot SONS Ont ee eds te LOO ness | Lee 20s were POT. 
1 ore 128. Ril sone iia dad) Pep od emoooe! COMB or Arm oree Ltrs 
August...... Ase ay ene 7 Awe DOSe cic caress, (Lact ot. wal hE 
PED temDer ml LOM + One eT 4On ee SLO). yo haS alte | 4. cis 10% es 62. 
October... .. FOO. Ss Diol OOM eA ODiccree Opera To Laas, a Gk 
November... 77.... eee? Oba temnl OO sise OSlacieks Laken eee canes, 
December... 75.... EOS nig etoidaio, lle cible kay eecieccie wiis or ane tena heim 
1934 
Janttary..... Creel OO2R Re asee el DLS t en. OOnasO4t ame Ln eterod 
Subtempoce | Chooe coe S¥fanao lease Seticon el) booome mae ot rh 
March...... Rioooc  SBobosl@Oacso dlibaacdm Soneeermerocon! Wagers! 
/53y 30 Raa OS rals AGhEP LA Sere LOOM OA str! LO ce Lis. 180 
sbotal: 2... 1,235....1,421....588....3,244....585....857....249...1,691 


AMERICAN ENGINEERING COUNCIL 


The ‘object’ of the American Engineering Coun- 
cil, as stated in its Constitution, is ‘‘to further the 
public welfare wherever technical and engineering 
knowledge and experience are involved, and to con- 
sider and act upon matters of common concern to the 
engineering and allied technical professions.”’ 

The Council includes in its membership about 20 
national, state, and local engineering societies. 
Under the plan of reorganization recently adopted 
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for the purpose of making further reductions in the 
operating expenses of the Council, the assembly and 
the administrative board were combined, and the 
number of representatives reduced. The A.S.C.E., 
A.S.M.E., and the Institute now have 5 representa- 
tives each, 2 other societies have 1 each, and there 
are 6 regional representatives for state and local 
societies. In addition, past-presidents serve for 6 
years after the expiration of their terms as president 
without being accredited to any member organiza- 
tion. L. W. Wallace, who had served as executive 
secretary since the organization of the Council, 
resigned in January 1934, and was succeeded by 
F. M. Feiker. 

The wide variety of types of activities in which 
the Council engages is illustrated by the titles of the 
special committees which have been continued for 
1934, as follows: administration of public works; 
air transport service in foreign commerce; com- 
munications; competition of governmental agencies 
with engineers in private practice; engineers water 
power policy; flood control; naval towing tank; 
patents; relation of consumption, production, 
and distribution; state engineering councils; tele- 
phone directory classification of engineers; water 
resources; and comunittee to appear before co- 
ordination committee of founder societies. 

The many important developments in progress or 
contemplated which will have strong influences upon 
the engineering profession and upon the public wel- 
fare in matters directly involving engineering have 
placed heavy demands for assistance upon the Coun- 
cil during the past year. It is endeavoring to serve 
as effectively as possible the engineering profession 
and through it the public welfare. 


UNITED ENGINEERING TRUSTEES, INC. 


This organization, formerly United Engineering 
Society, was set up by the 4 national societies of 
civil, mining, mechanical, and electrical engineers to 
hold in trust and to administer for them the Engi- 
neering Societies Building, in which their head- 
quarters are located, certain funds, and the library. 
Its charter gives it'broad powers for the advancement 
of the engineering arts and sciences. 

Extracts from the annual report of the United 
Engineering Trustees, Inc., were published on p. 
633 of the April 1934 issue of ELecrricaL ENGI- 
NEERING. 


ENGINEERING FOUNDATION 


This department of United Engineering Trustees, 
Inc., was established in 1914 by the national societies 
of civil, mining, mechanical, and electrical engineers 
“for the furtherance of research in science and in 
engineering, or for the advancement in any other 
manner of the profession of engineering and the good 
of mankind.” It was conceived by Ambrose 
Swasey, of Cleveland, Ohio, and he has made 4 gifts 
toward its endowment. The fund has been gener- 
ously increased through the gifts of the late Edward 
D. Adams and others, and also through a bequest 
of the late Henry R. Towne. 
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Appropriations have been made for various re- 
search projects, and codperation has been extended 
in others. 

During the past few years the Foundation has 
supplied substantial financial assistance for 2 re- 
searches sponsored by the A.I.E.E. committee on 
electric welding, one at the Massachusetts Institute 
of Technology and the other at Lehigh University. 
The former was completed, and the latter is to be 
continued during 1934. 


ENGINEERING SOCIETIES LIBRARY 


The library is administered as a free public library 
under the direction of the library board of United 
Engineering Trustees, Inc., this board being com- 
posed of representatives of the national societies of 
civil, mining, mechanical, and electrical engineers. 

The library contains about 132,712 books and 
pamphlets. It receives regularly about 1,200 tech- 
nical periodicals in many languages, and many 
additional publications issued irregularly. 

A staff of technically trained searchers and trans- 
latorsis maintained. The staff is prepared to furnish 
the following types of service: photoprints, ab- 
stracts, translations, bibliographies, searches, etc. 
Special arrangements have been made for lending 
books. 


ENGINEERS’ COUNCIL FOR 
PROFESSIONAL DEVELOPMENT 


A conference on certification composed of repre- 
sentatives of the national ‘societies of chemical, 
civil, electrical, mechanical, and mining engineers, 
the Society for the Promotion of Engineering Educa- 
tion, and the National Council of State Boards of 
Engineering Examiners approved, in 1932, a plan 
for joint action of these organizations for the en- 
hancement of the professional status of the engineer, 
and recommended the formation of the Engineers’ 
Council for Professional Development. The par- 
ticipating bodies ratified the plan, and the organiza- 
tion of E.C.P.D. was effected in the fall of 1932. 
The council consists of 21 members, 3 representing 
each of the participating bodies. 

The first annual meeting of E.C.P.D. was held 
October 10, 1933, and certain recommendations 
and matters of policy were approved. The principal 
recommendations deal with accrediting of engineer- 
ing schools, minimum definition of an engineer, and 
suggested greater uniformity of grades of membership 
among the professional societies. These matters 
are now under consideration by the participating 
bodies. 


REPRESENTATIVES 


The Institute has continued its representation 
upon various national committees and other local 
and national bodies with which it has been affiliated 
in past years. A complete list of representatives 
was published in the September issue of ELECTRICAL 
ENGINEERING, and in the 1934 Year Book. 
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FINANCE COMMITTEE 


During the year the committee has held meetings 
frequently, has passed upon the expenditures of the 
Institute for various purposes, and otherwise per- 
formed the duties prescribed for it in the constitu- 
tion and by-laws. 

Haskins and Sells, certified public accountants, 
have audited the books, and their report follows. 


Respectfully submitted for the board of directors, 
H. H. HENLINE, 


National Secretary 
May 25, 1934 


HASKINS & SELLS 
CERTIFIED PUBLIC ACCOUNTANTS 


22 EAST 40TH STREET 
NEW YORK 


May 18, 1934 
American Institute 
of Electrical Engineers, 
33 West 39th Street, 
New York. 


Dear Sirs: 


We have made an examination of your accounts 
for the purpose of verifying the stated financial 
condition at April 30, 1934, and have made an 
examination of your records of cash receipts and 
disbursements for the year ended that date. We 
submit the following exhibits and schedule: 


EXHIBIT 


A—Balance Sheet, April 30, 1934. 
Schedule 1—Property Fund and Restricted Funds— 
Securities, Cash, and Accrued Interest Receivable. 


B—Statement of Cash Receipts and Disbursements of 
General Fund for the Year Ended April 30, 1934. 


C—Statement of Cash Receipts and Disbursements of 
Property Fund and Restricted Funds for the Year 
Ended April 30, 1934. 


In our opinion Exhibit A sets forth your financial 
condition at April 30, 1934, and Exhibits B and C 
set forth your receipts as recorded and your dis- 
bursements during the year ended that date. 

Yours truly, 


HASKINS & SELLS 


ELECTRICAL ENGINEERING 


- 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


Balance Sheet, April 30, 1934 


Exhibit A 
ASSETS LIABILITIES 
Property Fund Investments: 
One-fourth interest in real estate and other assets of Property Fund Reserve.............. eee Sg Up ete creerar Hes ate eh iets $558,768.11 
United Engineering Trustees, Inc., exclusive of 
EEE SE Fate 0 at . «+. $496,948.48 Restricted Fund Reserves: 
Equipment: dvesery.ci Capita lend rte ciyedel- «nie staf eTmieus rieietor $154,528.25 
Library—Volumes and fixtures.................. 37,296.37 LifedMembership unde ois: bs ale sles ae aero 10,290.37 
Office furniture and fixtures (less reserve for de- International Electrical Congress of St. Louis 
Mreciationy $21,124 09) Mee wish one celeerocoske owed 11,456.91 Library sFGtid bccn cso ioure sire aikea ere e eraaheiee fae 4,711.29 
Duaeka Oatt) etacneac rors rRG vse ees aewe ede c 3,001.35 Lamme Medal Fund..............+.ssseeeeeeeaee 4,685.78 
Securities and cash—Schedule 1.................-. 10,065.00 ASU REG cae gees ue RU aS Sera 3 
: Total restricted fund reserves... viccn ves ceivcis owls sess Aoootonag ellaptith cy) 
Total property fund investments...............c0.ceceee ... $558,768.11 
Perch rand Current Liabilities: 
We to und Investments—Schedule 1: ACCORNTS PSYADIE Wee ends olen coetels at walaternerstersiaus) etene $ 9,450.66 
Securities—At cost (less reserve for bonds of doubtful Dwes received tn advances cele crt yaiecs Ayes seman ais 2,684.45 
SV RINIG) erareereene ate telesetc clereis ates ere ieeisioriis e Ais. s eraye'e éiereeort $167,179.02 Entrance fees and dues advanced by applicants for 
AGIs aielerate st statasretets stale sans spsteceyes sone lGiny obs tere eva eteas 8 se 7,848.52 membership: mencrere crete re eighel © oo nso Meiee oneias eines 480.50 
WAceried interest receivable. o.... . «.s/o.50 00 se oe ss «ole 223.33 Subscriptions for ‘‘Quarterly Transactions’ received 
Itt ae Vanicere ier, wicca obletets! ae lovale 0 ehelccolewerey < niatetels 88.00 
Miscellaneous sty tiis. si s.c/< sselste epsaerd ere e¥siatoeiels misiene 66.65 
Total restricted fund investments..............cescccees ... 175,250.87 
Current and Working Assets: Totalicurrent liabilities: sccm tes: heels ats asics aiken mtoresehsters 12,770.26 
“pees Shh GE OC aa aR $ 29,824.74 Suiplas cc otran) Coe ee eee Westie. Seite georeg 
Accounts receivable: 
WVIEMDerS——HOriAueg Wes, «our... cree ovale ors OS) Vale sere 28,082.79 
PNCLY CFEISCES wa ralteca rs tagaln soi otale oWela oust owl aPelGliove analier eaves 60.00 
IVENSCE LATE OULS ae ievevetevele elie ele. isi lonseererst sie ate sheers, 9.8053 3,687 . 27 
Accrued interest on investments,......... IS 2,243.59 
Inventories: 
mOtiarterlysd ranisaCtious ro vtevee:<e/s-4/ wie vce 0 o'eve o are ere 4,714,25 
Text and cover paper..... OW mICN 0 aretaetiie 5,888.93 
ROA 8 he ocqitid GHIAG OO OOP aD SOB ONC CCI ae 618.29 
Total current and working assets......... anocobGoa Riclerctsislelsien MeO, LO COO 
eOtal wre ssaisivolseje es MOS OSS OrLS 6 TOO ORD OTC Oe RAS $809,138.84 Total. cer : ae sis dalton svar prene o/h Otsacn enica mess ete $809,138.84 
Notation: In accordance with the usual practice of the Society, no provision has been made for dues which may prove to be uncollectable. 
Property and Restricted Funds—Securities, Cash, and Accrued Interest Receivable, April 30, 1934 
Exhibit A, Schedule 1 
Restricted Funds 
Number of Property International 
Shares of Fund Electrical 
Stock or (Equipment Reserve Life Congress of Lamme 
Face Value Replace- Capital Member- St. Louis Medal Mailloux 
of Bonds ments) Fund ship Fund Library Fund Fund Fund Total 
SECURITIES 
Railroad Bonds: 
Baltimore & Ohio Railroad Company 6% refunding and 
general mortgage series C, due 1995..........-.---0-0-s $12,000 2008s nee cisisteiere Sit ee REE AU RU Ba ansicon SOR OR ODIO ODEO $4,330) OO ks letpiare ators $ 13,270.00 
Central of Georgia Railway Company 5% consolidated mort- 
ARC AUCHLOLO Ly tere ailerasioetc rete srusioltrals Pie releleretene’ oc 6.70 00's S/OOOKOO Kaarereslocieis.s oo Be EAT TR5O ie eiercis crckose lovato atol susleve svetete: eielvhelecelaterete re} elerete et Kel-coletete 1,477.50 
Chicago, Burlin ton ‘& @aincy: Railroad Company 4%, due 
ROBES oe. a Je WOtpnO DO AOD oie a DO OE OUT OO OE aanD BiQOO LOO sae cere srelorsicte ox talninhe) vetovoreneia's $4,868.75 5 ce coms cecusls Woetaeversinet ere aisrise raters 4,868.75 
Chicago, Burlington & Quincy Railroad Company 5% first 
and refunding mortgage series A, due 1971............-- TODO LOO s cettacterescasrae NOLO OCU Stee oncdiemotinnubuncotaanomoormusdomens aac ooaboen 1,010.00 
Chicago & Erie Railroad Company 5% first mortgage, due 
1982. airs fe Sane ce CSriaaTa a E id 5 Ke aE a chet eresaik ts allots as: 1° G00: 00 sas csteerrnels 1 hs (0a | Se SeiricianiG ne totic bol US oOn bo Ucmo ML tan oc0 1,105.00 
Chicago & Northwestern Railway Company 614%, due 1936.. 9,000.00.......-..+++- F202 G0 octet aces olste) crelsislorsstersterereteistetsicceeiote ere itanereaneteretenetere 7,202.50 
Chicago, Terre Haute & Southeastern Railway Company 5% 
first and refunding mortgage, due 1960............-+++- SOOO ROO! aacectersiey sl ote1== Be ZG OOOO Sorercciersrote ereltveisv ce ctevelercletaieretarsiaceretenetercrsiel sh seaietsveteiers 7,940.00 
Florida East Coast Railway Company 5% first and refunding 
mortgage series A, due 1974 (certificates of deposit)...... 10,000.00.......-.+++- 5 URS aC edaagoucoocdonteords SOOO CONIOTUD OD GO OUUNG Oe 9,818.75 
New York Central Railroad Company 5% refunding and im- 
provement mortgage series C, due 2013........-.--++-++- 6,000.00...5.65 a ceeee 5,742.50... cece cece ese cer reee cee eseee cesses eseernre 5,742.50 
Pennsylvania Railroad Company 4%% general mortgage 
EME Teak: AP) ME ee oa cage es 00020010 -2ches re PAINE 130-00 UR hace ates ted bea oak <5 Jeeae te 5,130.00 
St. Louis-San Francisco Railway Company 5% prior lien 
mortgage series B, due 1950 (certificate of deposit)....... 6,000.00........--+-+ ~~ 6497.50.05. osiee ee SpUnupGocour Gi aocobons a sibiete sere eta 5,497.50 
i first lidated mortgage, 
ee ee ee ee aise a SET ON OOM WE tea Gen’ 00; tative Aes anniek nes euaeenane aera . 980.00 
Western Pacific Railroad Company 5% series A, due 1946.... 15,000.00....... Ghelers cre Uj O20 OOo ere easyer esefejereiers wieia'alehabols coislle & terete Sis Seeys sno 7,225.00 
eeeee $ 62068 ..75.. $ 4,868 .17.5.o55.016,0:6 01.015 yO 4, 0002 00s os on One ET EOE DU 


Total railroad bonds—(Forward)..... 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


Property and Restricted Funds—Securities, Cash, and 


Accrued Interest Receivable, April 30, 1934 


Exhibit A, Schedule 1 


Restricted Funds 


Number of Property International 
Shares of Fund Electrical 
Stock or (Equipment Reserve Life Congress of Lamme 
Face Value Replace- Capital Member- St. Louis Medal Mailloux 
of Bonds ments) Fund ship Fund Library Fund Fund Fund Total 
SECURITIES—Continued 
POTAPMATL ROAD DONDS——(HOLDward) cic ciereielaie creterciacsiereietelavete nieve sietvieioratsteceicisieleieinjeisiotsl $62,068.75 S$: 4:868 75 sce ose sel oysl or $4°330200R nein see $ 71,267.50 
Public Utility Bonds: 
Consolidated Gas Company of New York 54%4% debentures, 

LUCRLOS Doreen a icie teiaieesysuciece anchors Riana more stnctene take oe $5; 00000 oeeicnin > orisie tes ts by Aaa) Ue eRe E AE MRC TER eC IS OTRO OOS Mo Qa cis $ 5,187.50 
Duquesne Light Company 4%%% first mortgage series A, due 

NOG ree oer ae TN eat Rasen oi dene cdoicre enatdsl aie ele hres eueyols S000 OOP asta cts e's <1s.076 Pa), UR ae ae ee ee eet ALS Son ACO DIS gIOIN D 2,970.00 
Hydro-Electric Power Commission of Ontario 3%%, due 

TICE 4 ees ROS ORE OCI CO DEORE O ERR eCe RO Se RRO ER ice A 500 OO; emresctarcreierscors cle A500: 00 Syia ters otats. cas.o sans Giaaag ere ene eo I eee 4,500.00 
New York Telephone Company 4%%, due 1939........... OAR UVR oh n53a CIRC RAR EICICHO DIS ICIDID.b o.o. cio, onmion ooe $ 878 375s ssc $1,000.00... 1,878.75 
Pacific Gas & Electric Company 51%% first and refunding 

TINO CES (Ey GOH, Sons gpo.ceponon ago ooGddood 2 OOO OO tem stetasrclste tarts GUST OO Netra sicterstsveneesyaciar choy sicherer tela rarest he tone te etc teats eter 5,137.50 
Philadelphia Company secured 5% series A, due 1967...... LO;OOOROO Sempre. 10,000. OO ire 5.3)%0ie oocarsts cre, «Beles ohel ete Four steteners [atelier eesteueaetsunrate 10,000.00 
Shawinigan Water & Power Company 4%% first mortgage 

and collateral trust sinking fund series A, due 1967....... EFUUURO sao conn pane mac GBBT QO asteial Baer a eld cauandce dso" e0b Ob WRASSE ae ana eT T ee 4,581.25 
Texas Electric Service Company 5% first mortgage, due 1960. 4,000.00.............. S;91OBOO au eropensne ae vesner as oceecaretalavs wotsusle oie: ered tetera eben 3,910.00 
United Light & Power Company 514% first lien and con- 

Solid atedunortpagey CUCTLOOO sar celareielsiclereislcle) eiels cle eleicle's Si OOOROO Merete lcratetenerate BD LSE OO tors esateisle tose eie.nret ero ents onstenah sete cavtee os te Rca tae Tee ae dees 4,975.00 

MotaAlmpew licen biliey MOON seria ateme ial evaie ehatensialenererarsseteya) ollekel=/crevalereisyaie/ersiaie)atehaserene-eravole $°415261 S25 siete are senate S87 850 5 vvraierod sarees $1,000.00. .$ 43,140.00 
Industrial Bonds: 
American Smelting & Refining Company 5% first mortgage 

BECLESTACEAUCH OF Camara ne ita itericie wie ete ceranceys ov stele eens CPO UIROUE congo oonedar S (DO85 SOD fecciats sretenscyaee ahaha thao Shshateleunic eip.eatance ecole anette $ 9,085.00 
Bethlehem Steel Company 5% purchase money and improve- 

ment mortgage sinking fund, due 1936.................. 5,000 00 Se5. a.watons er GOB GDiswie.a7s 5.0: cuels. 35 84 sears, ¥ eransuslley tetoie nr creresetenerseueeeratevemeneterete 5,033.75 
Cleveland Union Terminals Company 5% sinking fund series 

BME 1e RL D7 Seer ear a eres oi oa celiePove oles aisle oS uve eee 8 4;000).00 =~ $4, 01000 5 oct 5.-reiouste ccancve: wveneve oh shore or Seebelepel ave corahereapetaye repeat toner navat crane ten termes 4,010.00 
Fidelity Union Title and Mortgage Guaranty Company first 

mortgage certificates (on property 75-79 Prospect Street, 

BasttOrange: Nad iOrs on AuenmOosialjc ccc tans wee cee $14,663.00. O77 O85 RU BOSD LAT cicsinaiects ots. io isiaeiolese 6 Oni eioeie Sree ec a ee 14,663.00 
International Match Corporation 5% convertible debentures, 

dHetost (certificate of deposit) oc. ccc. cco tte sie ober ere aren S;OOOKO0 earn sicker care 2880. OO siorareicisiete oie totetncase tern wi ee nein wiaeao ere er dlerares retrace stances 2,880.00 
New York Steam Corporation 6% first mortgage, due 1947... 10,000.00.............. NOE EY (RG UPROAR toc ort So Se OE EE re aio Gan DES moe aaa 10,837.50 
United States Rubber Company 5% first and refunding mort- 

PAP CCSEHIES HALO er L OF dictersi« te iemtinie reece oielers «8 sranehels/ alin cistetece 2,000 200 Fa ieee ties VOUS OO sha ya sre couse: ner ay'svebe tal s(olta ta, ssstsy avehetexstor geen stavaneere name ena 1,915.00 
Western Electric Company 5% debentures, due 1944....... TO;OOO SOD Mr ceereicrcieeeei QE SUS UD wore curse vere te one aaa toon ot ay Saareren ene cherie ae RO eee 9,818.75 
Youngstown Sheet and Tube Company 5% first mortgage 

Sinkangitund: Series« Ay Cilesl 97S, e rise cpeie cis) ovis, beavers eparsnese ODO Ss cic bob oo aoo 10}137.50..... S45 yal Saeuh gtiareuatlel alate geueve Lanetolehe ose ctor ten heaton a one 10,137.50 

FROCAIDAUSEDIAI DONG Sic aie reste tance, erehtcoleTel hein, eféiave, ouete''ey ors cys ereveyousis, 6 are $4,987'553).< S5OS S92 OTL rarcicle rare: ween Chazeten sic ait aya vonc Volare eo eee ere $68,380.50 
Municipal Bonds: 
New York City 414% corporate stock, due 1957........... 2000 OOM et rcrspetelsestele- cioe tere nite aT Rea ENS $2204 (ODF O cc cae ebiacteen ieee $ 2,204.05 
Capital Stocks: 
Commonwealth Edison Company... ccc. 000e ss eet os oclnc BQ Sharesiean vie eal eviswlosien > $2,892 HOO Masse res aera nifa\'solwievetslelsielote lolelcfsperevererete sine axe vee | eS a ROU) 
Consolidated Gas Company of New York, $5.00 cxmulative ‘ : 

PL CLCL ECC re tree terre eral nialev obs ole inter ovel ate onorel sisi slaicta’ susie She AU TES ee oon MOO VGUISE noa.an se autan Saro.codd Sis! sieielefeverclelersrcteleleretoierereinrecratetstemieisieteye -. 3,060.00 
Public Service Corporation of New Jersey, $5.00 preferred....30  “  ....see.see seen. DOOR LTB Re eA eee cre matin ad canes 2,958.75 
United Gas Improvement Company, $5.00 preferred........ 30“ 1,205-007,00 | 907 b0L ere ae ae De sate ona sats OE See eee 

EDOtalicapitalcStOCkss <icicleie'sleleieisierete) viele « fatale tetetets tars ale lniateterciecelceaieta ibis $:-5;055;,00 9, 6; 848225 4. ree coi oot ccc sore aR oe al tele ee $ 11,903.25 
AGE RESO e UCC San obo gadis GAO o oa ROKOUDE GOIOrIOOMBE OSes Onn $10,042.53. .$173,571.22. .$ 4,868.75. .$3,082.80. . $4,330.00. .$1,000.00. . $196,895.30 
Less Reserve for Bonds of Doubtful Value: 
Central of Georgia Railway Company 5% consolidated mort- 

AS COL HL OAS ism tereietersrelste © ec ear clese ove cis ek wie sie ahinle S$ S:000800 Race etotsiersine © $\, 1477.50; Seance on ce ee ee sr Ione $ 1,477.50 
Miondavkasticoast Railway Company 5% fitstandrefunding. 9 8 tain ls ee sl eer ee : ; 

HOLA PELSCLICS Ay Gite LOT Aisi es lelereleleiete shes sies sista easie LO OOOR OO rrr cre cicteyrers GSTS Oe hierisiesirsse ooers eaters ieee 9,818.75 
leternationaleatch|Corporation’s 9,iconvertible debentures: in) lu) mal) smruir sn) UmmmnNnnIO tt RU 00) te eceries OIC us alluring NIN SOC Gna : 5 

PAH EBL OA Titers ten ets ravcl = SiN yn.e Cian eierneha rate vene ets oie 5 Oe 3; OOOROO saaserereretece erate 2, S80200 vreateie nes ice OA oe eee 2,880.00 
Staplous-san Hraticisco ‘Railway Company,-5% prior lien —.. | 2 =) (2 | spn ee oer Fence int eine ee % 

mnorepacerseiies due L950) core 6 os! sio siecle ee cies = 0 stels URUOUAUE co68ascodbo0on B49 7 FOO Te teresejarslessiopslopauisiere ciakcieiniec clelaitaie oer toe ie en aes 5,497 .50 

motalreserveaor bonds of dotbtiul values wc. .cc.ce cee cciccsccee dome mene SL IDC 7SETOSee eosin oe oe $ 19,673.75 
ROLAIES CCUTITIC SP LZOAH IRR OHOLV.O sto ccs ener: h aaleie (6 otsietoleve: due eanve oltraleialoisie'sicie en es $10,042.53. .$153,897.47..$ 4,868.75. .$3,082.80. .$4,330.00. .$1,000.00. - $177,221.55 
Co eset GS Phen CUETO COOTER PTR RTC OTCRER TCS EISEN peas At oat 22.47. 630.78.. 5,388.29... 1,560.99.. 255.78 12.68..$ 7,870.99 
PACCIUCCM INCE eSt aR CCOLVEDI Gait crereretere er oo.s leys'e/olalalia|araieie’ «= <1 ole ici haere sais, vatay, (oreo eine Ae 33.33.. 67.50.. 100.00 22.50.. 223.33 
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The Expulsion 
Oil Circuit Breaker 


In the expulsion type of oil circuit breaker 
the arc occurring on circuit interruption is 
‘expelled’ from the contact chamber by a 
high velocity gas blast. Breakers of this 
type have demonstrated their capability of 
consistently interrupting short circuits on a 
typical large electric power system within 
1 or 2 cycles of arc. In this paper the 
theory of this type of breaker is presented 
and its performance is analyzed. 


By 
A. C. SCHWAGER 


MEMBER A.1.E.E. 


Pacific Elec. Mfg. Co. 
San Francisco, Calif. 


qd Ee CONTINUALLY growing ca- 
pacity of high voltage electric power systems and the 
resultant demand for fast circuit interruption has 
brought about in the last few years the development 
of greatly improved circuit interrupters. The dura- 
tion of the short-circuit time has been shortened by 
eliminating part of the mechanical time lag of the 
opening motion and by reducing the arcing time. 
The plain circuit breaker has been substituted by 
devices bringing about a more rapid and smooth 
interruption of the arc. This paper is limited to the 
electrical problem of arc interruption. 

Interruption in a circuit breaker with not more 
than '/2 cycle of arc is obviously the ultimate goal to 
be accomplished. This requirement has been met 
for moderate voltages by several new devices; for 
higher voltages the arcing time is consistently longer 
and often still excessive. The reduction in arcing 
time brings about a reduction in are energy some- 
times to 5 per cent of the value obtained under 
identical conditions with a plain oil circuit breaker. 
It is well known, however, that a vacuum switch can 
interrupt currents with an arc energy of extremely 
small magnitude when compared with the best oil 
circuit breakers. The question, therefore, arises as 
to whether it is possible to build an are rupturing 
device for an oil circuit breaker that approaches the 
performance of the vacuum breaker and what mini- 
mum value of arc energy would be required for inter- 
ruption. In this paper such a design is shown to be 
feasible. A high-voltage high-capacity expulsion 
type oil circuit breaker has demonstrated its capa- 


Full text of a paper recommended for publication by the A.I.E.E. committee on 
protective devices, and scheduled for discussion at the A.I.E.E. Pacific Coast 
convention, Salt Lake City Utah, Sept. 3-7,1934. Manuscript submitted May 
9, 1934; released for publication June 8,1934. Not published in pamphlet form. 
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bility of consistently interrupting short circuits on a 
typical large electric power system under various 
conditions over a range from 1 to 100 per cent of 
maximum rated short-circuit current with from 1 to 
2 cycles of are. Arc energy and gas generation have 
been reduced to values heretofore not reached, with 
oil deterioration and carbonization practically elimi- 
nated. Interruption up to full rated capacity occurs 
with no other external sign than that resulting from 
the motion of the operating mechanism. 


THEORY OF THE EXPULSION CIRCUIT BREAKER 


For many years, it has been realized that an arc is 
deionized more effectively in an atmosphere of 
hydrogen than in any other gas. This accounts for 
the short arc lengths obtained in the conventional 
plain-break oil circuit breaker, which burns essen- 
tially in a hydrogen atmosphere, when compared 
with the large distances to which an arc has to be 
drawn in air to effect interruption. Recent investi- 
gations show that an arc in hydrogen burns at much 
smaller diameter than an arc in air, for identical 
currents (Kesselring, Elektrotechnische Zettschrtft, 
v. 55, p. 92). The diameter of the arc is one of the 
primary factors influencing the speed of deionization 
in the vicinity of the current zero period: the smaller 
the arc diameter, the more rapid the deionization. 
An arc in air can be forced to burn at a smaller 
diameter by subjecting it to a high velocity air blast, 
a fact that has been made use of for several decades 
in air blast devices. The smallest diameter and the 
most effective deionization of an are for a certain 
current finally can be obtained by a combination of 
the foregoing 2 conditions, that is, by subjecting it 
to a blast of hydrogen gas. No detailed account will 
be given here of the factors responsible for this per- 
formance, such as diffusion, recombination, and 
specific heat; for a more detailed analysis the reader 
is referred to the excellent paper by Slepian on ‘‘The 
Extinction of Long A.C. Arcs’ (A.I.E.E. TRAns., 
v. 49, 1930, p. 421-30). 

An arc under oil produces hydrogen by decomposi- 
tion and it is not difficult to provide a device for 
forcing the hydrogen at high velocity through the 
arc. The conventional explosion chamber is but 
one example; however, its performance is not satis- 
factory with regard to arcing time, arc energy, and 
capacity to interrupt small currents. An ideal gas 
blast device should fulfill the following specifications: 


1. Interruption should take place at the first current zero. 


2. It should be equally effective for large and small currents 
(including charging currents of long transmission lines). 


3. The amount of gas generated should be limited to the minimum 
necessary for definite interruption. 


In the following paragraphs is described a gas blast 
device that should meet the foregoing specifications. 
Figure la illustrates the conventional explosion pot 
in the process of interruption with the movable con- 
tact in a position at which the first current zero 
occurs. The are is burning in a stationary atmos- 
phere of hot gases, gas blast action is entirely absent 
and reignition occurs. Only after the blade has left 
the throat is there a localized gas blast through it 
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which produces sufficient deionization to prevent 
reignition. On high voltages, interruption by means 
of such an explosion chamber requires 4 cycles of arc 
or more. As shown in Fig. 1b, the free escape of 
the deionizing gas stream is impeded seriously by the 
large volume of oil in the chamber. The high pres- 
sure gas bubble within the chamber forces a definite 
quantity of oil through the throat and causes the 
cross section of the gas blast to be small and erratic 
for the various duties under which it must operate. 
Figure 1c shows another well-known arrangement of 
an explosion pot, a hole being provided back of the 
fixed contact through which the gases can escape into 
the surrounding oil. Provided the gas pressure is 
high and the mass of the oil piston formed by the oil 
volume within the opening is sufficiently small, a gas 
blast is initiated in a very short time, causing inter- 
ruption at an early current zero. This chamber has 
the additional advantage that, should the arc last 
until the movable contact has left the throat, it 
would become doubly effective because 2 oppositely 
directed gas blasts would be established as shown in 
Fig. ld. However, the large amount of oil contained 
in such a chamber interferes with the free escape of 
the gas blast and makes the performance highly un- 
satisfactory. 

To improve the operation of this contact it is 
necessary above all to establish a gas blast unim- 
peded by oil. This can be accomplished by a radical 
reduction in oil volume such as is shown in the con- 
struction represented in Fig. 2. The movable con- 
tact is withdrawn in a close fitting tube. Upon for- 
mation of the arc, the oil piston within the fixed 
contact is expelled and a free gas blast is established. 
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Fig. 1 (¢ and d). 


Fig. 1 (a and b). Explosion _ pot 

Conventional ex- with end opening Fig. 2. Expulsion 
plosion pot dur- during interrup- chamber in oper- 
ing interruption tion ation 
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The total oil volume of such a chamber easily can 
be limited to a few cubic inches, an amount greatly 
in excess of that decomposed and vaporized during 
the interruption. This contact in its appearance, as 
well as in its action of first expelling a piston of oil 
followed by a gas stream, has more similarity to the 
well-known expulsion fuse than to an explosion 
chamber and for this reason it is called an ‘expulsion 
contact’”’; a circuit breaker equipped with this con- 
tact is called an ‘“‘expulsion circuit breaker.”’ 

The expulsion contact schematically represented 
in Fig. 2 has certain undesirable features, inherert 
also to the contact shown in Fig. Ic. All contact 
fingers are of the same length and burning can take 
place on any of them; in addition, upon establishing 
a gas blast the arc is deflected into the contact and 
made to burn on parts that in the closed position 
of the breaker act as current carrying surfaces, 
thereby reducing their carrying capacity and caus- 
ing undue heating. ‘The cross section of the expulsion 
chamber opening is fixed by the dimensions of the 
movable blade and therefore is not readily variable 
to a value that might prove more suitable for most 
efficient operation. A design such as that shown in 
Fig. 3 eliminates these disadvantages. An arcing 
tip projecting beyond the length of the main contacts 
is provided and an insulating tube the cross section 
of which can be selected independently of the cross 
section of the moving blade is located adjacent to 
this arcing tip. The oil volume is reduced to a small 
value by means of a filler as indicated in Section AA. 
This contact can be simplified in its construction by 
eliminating the tube, a cylindrical opening being 
formed by the wall of the chamber and the oppositely 
located spring of the arcing tip, as shown in Fig. 4. 
If a copper plate extending from the arcing tip to 
the outside of the chamber be provided to cover the 
spring, an additional highly desirable feature is 
obtained. The arc root establishing on the arcing 
tip, under the influence of the high velocity gas 
stream will be moved outward along the copper plate, 


EXPULSION 
OPENING 


7 EXPULSION TUBE 


4- ARCING TIP 


Fig. 4. Expulsion chamber with 
blow-out opening formed by arcing 
contact and main chamber tube 


Fig. 3. 


Expulsion 
chamber with tubular 
blow-out opening 
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drawing the arc to a length several times the distance 
of contact separation and thereby greatly increasing 
the rate of deionization. 


PERFORMANCE OF THE EXPULSION CONTACT 


In the following paragraphs the performance of 
the expulsion contact shown in Fig. 4 under circuit 
interruption will be analyzed. Immediately upon 
contact separation an arc is formed between the 
arcing tip and moving blade, decomposing and 
vaporizing the surrounding oil and forming a high 
pressure gas bubble inside the chamber. Since the 
opening through the tube presents the only avenue 
of relief, the oil in the tube is accelerated and after a 
short period completely removed, whereupon a high 
velocity gas blast is established; this acts as a de- 
ionizing agent on the are path, thereby preventing 
reignition at the next current zero. Therefore, znter- 
ruption or failure to interrupt should be related to the 
existence or absence, respectively, of a gas blast at 
current zero. 

The time to produce a gas blast is affected by 
various factors, principally by the quantity of gas 
generated and by the volume of oil to be removed 
from the expulsion tube. If the rate of gas genera- 
tion be known it is possible to calculate the motion 
of the oil in the tube (hereafter called the oil piston) 
and to determine the time required for complete 
removal. Before proceeding with these calculations 
the most favorable time for removal will be discussed. 
As stated before, interruption is desired in 1/2 cycle; 
therefore, if the oil piston is of such dimensions that 
it is not removed completely in that time, per- 
formance is unsatisfactory. If, however, the oil 
piston be removed in about 1/1 cycle, the gas blast 


Fig. 5. Arc current, voltage, watts, and energy for 
an interruption taking place in 3 half cycles 


is initiated at a time when interruption is neither 
possible nor desirable. In addition, a large quantity 
of gases escape in a period during which they could 
be accumulated for release immediately before cur- 
rent zero to produce a more effective action. The 
ideal performance requires the accumulation of the 
gases as nearly as possible at the first current zero 
in order that the formation of a fully effective gas 
blast may be accomplished at that instant. If the 
contacts separate at a current zero, the time for 
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accumulation of gases is close to 1/2 cycle; however, 
if separation take place at a current maximum, the 
gas blast should be established within '/, cycle. To 
take care of these various conditions it seems ad- 
visable to set up the following requirement: Gas 
generation and dimensions of the oil piston shall be 
correlated in such a manner that a gas blast is estab- 
lished in 1/4 cycle. 

In the following calculations various assumptions 
have been necessary in order to obtain a solution; 
accordingly, the results should be taken qualita- 
tively rather than quantitatively. For each assump- 
tion, an attempt has been made to choose conditions 
that would bring about a more rapid production of a 
gas blast, in order that the final result might formu- 
late the conditions for the production of a gas blast 


Fig. 6. Diagrams illustrating motion 
of oil in expulsion tube 


AREA 


Bid 


jeaiietta: 


a 


in 1/,cycle. The gas blast is therefore more likely to 
exist previous to '/, cycle and is very unlikely to 
start later than 1/, cycle after separation of the 
contacts. 


Arc ENERGY 


The amount of gas generated during the interrup- 
tion of a short circuit is related directly to the 
amount of arc energy liberated. Figure 5a shows 
schematically an oscillogram of an interruption 
taking place in 3 half cycles; 7 represents the current, 
e the are voltage, and 7 the first half cycle of recovery 
voltage. A curve showing instantaneous arc watts 
was computed as the product of current times arc 
voltage and is labeled W. Over each half cycle of 
arc this curve approximates a sine curve with its 
maxima displaced to the right of the maxima of the 
current wave and increasing rapidly with each suc- 
cessive half cycle. Considering only the first half 
cycle as shown in Fig. 5b and assuming a constant 
arc voltage e, the are watts vary purely sinusoidally 
and are given by W = el,,,, sin (wt), where w = 
2xf. The arc energy up to the time ¢ then follows: 


llores 


ID (1 — cos wt) (1) 


and is pee in Fig. 5a, curve E. Denoting by 
2e 


y= eae the arc energy during '/, cycle, the 
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Table I—12-Kv Tests on Expulsion Contacts 


. . P (Kg Arc Energy 
Dimensions of 
Z : Total per Sq Cm) During 
Expulsion Opening Abeae oe rn Gas Vo During First Total 
rc Volume — Fi H A 
Contact A, H, Interrupted, Voltage, Kva Times, Cold, 4 ” Half Grate Easies 
No. Sq Cm Cm Amp Ky Interrupted Cycles Cu-Cm Cu Cm AH: Cycle Kw-sec Kw-sec 
Di atey sie ah sifass iste raierarsce LO) vavewave <tc 3: GSO sina iP Us 42,500 1 1,300 350 
PLLA EC COM TCO PSI Oa a ROU praia retabaie ll isis sie opere AON Un rtinene chert Uy ory ene URS Se aes Lite eines ASD warden are 16 
Die. saat ies ray eco Oar Dm Ss ee 35600) eee ae We prandesavers 44,000...:... OR 25 is ore, seers SHO oo ete ene Gi OMA rages Lisi feet Ele ges Orr Ps OZ aint aeiais 4.2 
Go E) the external pressure as well as the work done in 


energy E, can be represented also by 


(1 — cos wt) giving (see Fig. 5b) for small values of ¢ 


(wt)? 
4 


EF: 2 Eo 


O0<wtS (2) 


Gas GENERATION 


For a long time it has been established that a direct 
proportion exists between the arc energy and the 
amount of gas generated, one kilowatt-second of arc 
energy producing in the neighborhood of 50 cu cm of 
gas, measured at atmospheric pressure and tempera- 
ture (see “Hochspannungsforschung und Hoch- 
spannurgspraxis,” by O. Mayr, Springer, 1931). 
Since the average temperature of the decomposed 
gases during interruption is not less than 500 deg C, 
their volume at atmospheric pressure practically is 
doubled. In addition, a considerable amount of oil 
is vaporized but not decomposed; when this is taken 
into consideration, the minimum total volume of hot 
gases produced per kilowatt-second is about 200 cu 
em. Substituting this value into eq 2 gives the 
following for the volume of hot gases reduced to 
atmospheric pressure generated up to the time ?¢: 


in which 0 < wt < = 


Vi = 0.05 Eo (wt)? 3 


Denoting with Vo = 0.2H the volume of gases 
generated in ‘one-half cycle, 

apse O<wa< > (3) 
Since, in general, the expansion of the gas bubble 
under oil is accompanied with changes in its pressure, 
information as to the mode of expansion, that is, 
whether isothermal or adiabatic is necessary. Be- 
cause of the continuous liberation of energy by the 
arc, isothermal expansion is most probable and is 
confirmed by tests. Up to the point where a gas 
blast starts Boyle’s law can be applied. 


MOTION OF OIL. PISTON 


Knowing the rate of gas generation it will be 
possible to determine the motion of the oil piston in 
the expulsion tube. In Fig. 6a such a tube is shown 
separately, consisting of a cylindrical vessel of cross 
section A and height H, closed at the bottom and 
open at the top. If gases are generated by an arc 
in the vicinity of the bottom, the entire oil piston will 
be accelerated. For simplicity of calculation, the 
entire oil piston shall be assumed to be solid and its 
removal shall take place according to Figs. 6b and 6c; 
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lifting the piston shall be neglected. 

Denoting the travel of the piston by y, its velocity 
by v, the pressure of the gas by #, the specific gravity 
by o, and the acceleration due to gravity by g, it 
follows: 


d? 
Ae Ee aa ee (4) 
5 = Ay (5) 


Substituting eq 3 into eq 5, solving the differential 
equation, and assuming o 0.0009 kg per cubic’ 
centimeter and f = 60 cycles 


1.4 X 108 Alga an 


2.8 X 105 i 
x wee 


0 
0.25 EE Kg per square centimeter 


y= (6) 


(7) 


t em per second 


AH 


(8) 


P 


giving the following condition for initiation of a gas 
blast within !/, cycle: 


Vo > 0.17 
ATi Sig 


(9) 


all of the last 4 formulas applying for centimeters, 
kilograms, and seconds. 

The motion of the oil piston is accelerated uni- 
formly, y increasing with ?”, v with /, and p being 
constant—a fact that is particularly interesting since 
it justifies previous assumptions of an isothermal 
condition in the gas volume during the expulsion 
period. The quantities A and H are given by the 
particular design of expulsion contact and can be 
varied arbitrarily. However, Vo is unknown, but is 
dependent directly on the arc energy liberated during 
the first half cycle. If Vo were known it would be 
possible to select A and H according to eq 9 in order 
to produce interruption at the first current zero. 
Information covering a great many tests on oil circuit 
breakers shows that an arc energy of 0.5 kw-sec per 
1,000 kva interrupted is as low a value as can be 
expected. In the following paragraphs an attempt 
shall be made to design an expulsion chamber capable 
of interrupting 40,000 kva (maximum capacity of 
testing station) at 12 kv in 1/, cycle. An interrup- 
tion of 40,000 kva would liberate 20 kw-sec, pro- 
ducing a volume Vy = 4,000 cu cm. Area A was 
made 5 sq cm and height H 13 cm, giving a value 

Vo 
Ae 
of 0.17 necessary to produce interruption. 


= (0.36 which is in excess of the required value 
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Fig. 7. Oscillogram showing the interruption of 
3,530 amp at 12.1 kv with expulsion contact as 
shown in Fig. 4 


A single expulsion chamber according to Fig. 4, 
called contact No. 1, with dimensions of the expul- 
sion piston as indicated in the preceding paragraph 
was built and tested. Figure 7 shows an oscillogram 
of an interruption which took place in 1 cycle instead 
of the expected !/. cycle. The quantity of gas gener- 
ated during the interruption was measured, allotted 
to each half cycle by means of the oscillographic 
record of the respective are voltages, the values 
obtained being given in Table I. 

The arc energy liberated during the first half cycle 
is considerably smaller than that anticipated, Vo 
amounting to only 1,400 cu cm instead of 4,000 cu cm 

0 
AH? 
for interruption. To produce interruption at such a 
small value of Vo, AH* has to be reduced radically. 
A second contact (No. 2) was built and tested with 
A = 1sq cm and H = 2 cm, the test results being 
shown in Fig. 7a and tabulated in Table I. Inter- 
ruption took place in 1/, cycle with an arc voltage 
hardly visible on the oscillogram. The quantity of 
gas generated was not measured, but an estimate on 
the basis of arc voltages (Figs. 5 and 6) gives a value 


giving a ratio = 0.18, and therefore insufficient 


not exceeding 350 cu cm; therefore, ah amounts to 
173 for this contact, a value approximately 1,000 
times larger than necessary. It is realized that an 
exceedingly small value of Vo is capable of bringing 
about a gas blast in 4/2 cycle; for contact No. 2 
Vo = 1.4 cu cm would appear sufficient. Whether 
or not such a small volume of gas is capable of inter- 
rupting the are is not known. In an oil circuit 
breaker in which the are can burn only if the voltage 
across it exceeds a definite minimum value, the 
volume of gas generated is in excess of 1.4 cu cm 
and apparently is sufficient to cause interruption 
upon establishment of the gas blast. It is hoped 
that further investigations can be carried out to 
determine the range of extremely low gas volumes 
where eq 9 represents only a necessary but in- 
sufficient condition for interruption at the first cur- 
ECWERZELO: 


The large value of 


Vo 
A not necessarily required 
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Fig. 7a. Oscillogram showing interruption of 
3,600 amp at 12.2 kv with expulsion contact in 
0.25 cycle 


for the interruption of large currents, provides a 
feature that is most desirable in interrupting small 
currents, where arc energy and gas generation are 
small. Whereas most of the present circuit breakers 
show a highly increased arcing time for currents 
ranging from 2,000 amp to very small values, the 
expulsion contact can be expected to bring about 
interruption in substantially the same time over the 
entire current range; there should be no great 
difference in performance between an interruption 
of 10,000 amp and one of 100 amp. Table II sub- 
stantiates this statement for contacts Nos. 1 and 2 
for currents ranging from 3,600 down to 960 amp. 


Fig. 8. Construction of 
neutralized expulsion 
chamber for rotary type 
oil circuit breaker 
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The tests from which the data of Table II were 
obtained have shown that it is possible to explain 
the interruption of an arc in an expulsion chamber 
on the presence of a gas blast. The theory developed 
allows the dimensions of the expulsion tube to be 
such that interruption is accomplished within 1/, 
cycle. An arc energy of 0.5 kw-sec per 1,000 kva, 
generally considered the best value attainable, by no 
means defines a circuit breaker of the best possible 
performance; values of 0.1 kw-sec and less are within 
easy reach with the expulsion chamber breaker. 


Gas BLAST 


Having paid particular attention to the require- 
ments for the removal of the oil piston from the 
expulsion tube and the subsequent initiation of a gas 
blast, the characteristics of the gas blast proper and 
in particular of its velocity of escape will be analyzed 
briefly. The gas blast escapes into a large body of 
oil surrounding the expulsion chamber, forming a 
rapidly expanding gas bubble. In general, the rate 
of escape of the gases due to accumulation over a 
part of the half cycle near the current zero will 
exceed the instantaneous rate of gas generation inside 
the chamber. It is well known that a gas stored at 
a pressure p, escapes through a cylindrical orifice 
with a velocity equal to the sound velocity of the 
gas under the prevailing condition of state, provided 
the external pressure p). does not exceed a value of 
approximately 1/of\. 

Because of gas bubbles forming outside the expul- 
sion tube, the motion of the oil in the tank is similar 
in principle to the motion of the oil in the expulsion 
tube already analyzed. If the height of oil above 
the gas bubble is identified by H and its cross section 
by A, eqs 4 and 5, can be applied. It is estimated 
that with the large value of A prevailing in the con- 
ventional oil circuit breaker tank the pressure fp» set 


Fig. 9. Relation 
between current 
interrupted and 
arcing cycles for 
different types of 
contacts on 110- 

kv tests 
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Table II—Arrcing Time of Expulsion Contacts for 
Small Currents 


Contact Amperes Interrupted Arcing Time, 
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Fig. 10. Set-up for 110-kv field tests 


up by an extremely high rate of gas generation will 
not reach a value of 1/op,; the gases, therefore, 
escape at the velocity of sound, that is, at 660 m per 
second (2,300 ft per second) or more. Velocities 
exceeding sound velocity are obtained if the cylin- 
drical opening be replaced by an outwardly flared 
nozzle; such a construction favors rapid deionization 
and carries the arc root farther along, and is incor- 
porated in the final contact design. 


MECHANICAL FORCES DURING INTERRUPTION 


A conventional explosion chamber, as shown in 
Fig. la, is known to exert large and sometimes harm- 
ful reactions upon the supporting entrance bushing. 
This is because the pressure produced by the accu- 
mulation of gases over several cycles acts upon 
different wall areas on the top and bottom of the 
chamber. A gas blast escaping into a body of oil 
also produces a reaction upon the chamber if active 
independently of any other force, although its value 
is small with an expulsion chamber because of the 
early relief and the subsequent moderate internal 
pressure. It is evident that the reaction upon an 
ordinary explosion chamber can be neutralized when 
it is combined with a gas blast of proper momentum 
and direction. It has been found that an expulsion 
chamber in which the throat area is approximately 
equal to that of the expulsion tube produces close 
equalization. or practical applications on circuit 
breakers of 600- and 1,200-amp capacity, a piston 
according to contact 1, Table I, has been found to 
give better results than one according to Contact 2. 
This contact, therefore, has been chosen for the 
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Fig. 11. Oscillogram showing interruption of 
10,000 amp, single phase to ground, on 110-kv 
system with expulsion contacts No. 100 


following practical applications in spite of the fact 
that !/, cycle of arcing time thereby is sacrificed. 

Figure 8 shows the detailed construction of a 
neutralized expulsion chamber as it is used on a 
rotary type oil circuit breaker. Besides the neutrali- 
zation of pressures, the following features are in- 
corporated : 


1. Main expulsion chamber of small volume, obtained by arc 
resisting fillers. 


2. Nozzle shaped expulsion opening. 

3. Arcing tip and adjacent copper plate provide means for elongat- 
ing are. 

4. High pressure line contacts enable the blade to leave the arcing 
tip after a very short travel; no burning occurs on these contacts. 


5. Oil retaining pocket providing reservoir for decomposing oil, 
should the arc be carried through throat. 


APPLICATION OF EXPULSION CONTACTS 
TO HIGH: VOLTAGE CIRCUIT BREAKERS 


Because of the poor deionization of the arc path 
during the current zero period, the arc in a plain oil 
circuit breaker has to be drawn to considerable length 
to effect interruption; the arc in such a breaker is re- 
established along the old insufficiently deionized 
path, although the surrounding gas is capable of 
withstanding the recovery voltage. In proceeding 
to the well deionized arc path of the expulsion con- 
tact, conditions are found to be different, a break- 
down being more likely to occur through the gaseous 
atmosphere between the arcing tip and the movable 
contact. Restriking along the old arc path, which 
is drawn to a length many times the distance of 
contact separation and cooled over its entire length, 
is not probable. 

Tests on contact No. 1 at 12 kv showed interrup- 


Fig. 12. Contact No. 102 after series of tests 


tion of 3,600 amp in 1/4 cycle with only 11/4-in, con- 
tact separation. If the same current were applied 
at 60 kv, deionization would be equally effective, 
but the breakdown distance of 11/4 in. would be in- 
sufficient to prevent reignition. The dielectric 
strength of the gas bubble has a definitely limited 
value, prevention of breakdown through it at 60 kv 
requiring a break distance of approximately 10 in. 
If this chamber were to interrupt currents at such a 
high voltage in '/, cycle, a contact speed in excess of 
50 ft per second would be required, a value which is 
not feasible because of the excessive mechanical 
forces required to bring about such velocities. Even 
the use of the conventional 2-break switch at half 
that velocity is impractical. The multiple break 
switch, however, has the advantage of introducing 
the insulating gas at a much higher rate for blade 
velocities in general use, and for electrical as well as 
mechanical reasons represents the ideal arrangement. 
It has the additional advantage that the total result- 
ing break distance is so large that interruption can 
be obtained when operating with plain contacts, 
giving a factor of safety not common on 2-break 
switches. 


FIELD TESTS AT 110 Kv 


Plain-Break Oil Circuit Breaker. A 115-kv 6-break 


‘rotary type circuit breaker provided with plain con- 


tacts was submitted first to interrupting capacity _ 
tests. Since single-phase-to-ground short circuits 
constitute the most common faults and produce 
maximum short circuit currents, tests were made with 
this connection. At the Newark (Calif.) substation 
of the Pacific Gas and Electric Company’s trans- 
mission system short circuits ranging from 700 to 
9,000 amp were interrupted by a single phase of the 


Table IIl—Results of 110-Kv Field Tests on a 6-Break Rotary Type Oil Circuit Breaker With Plain Contacts 


Oil 
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Table |!V—Results of 110-Kv Field Tests on an Oil Circuit Breaker Equipped With No. 102 Expulsion Contacts (See Fig. 8) 


Gas Volume 


Interrupted Total Tank at 20° C and 
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test breaker. The results are tabulated in Table III. 
The relation between arcing time and short-circuit 
current is shown in Fig. 9. 

Expulsion Ou Circuit Breaker. A 115-kv breaker 
identical in size to the plain breaker tested first was 
equipped with 3 different types of expulsion con- 
tacts, varying in design features, but all being based 
upon the expulsion principle. For the purpose of 
identification they will be denoted as contacts Nos. 
100, 101, and 102, respectively. Contact No. 100 
is shown in Fig. 3, No. 101 in Fig. lc, and No. 102 
represents the final design shown in Fig. 8. Figure 
10 shows the field set-up of the test breaker to which 
these contacts alternately were applied. Single- 
phase short circuits on the 110-kv system, ranging 
from 770 to 10,000 amp (rms interrupted current) 
applied to contacts Nos. 100 and 101 were cleared 
with less than 2 cycles of arcing time. In no case 
was a drop of oil thrown, and the dielectric strength 
of the oil remained unchanged. Figure 11 shows an 
oscillogram of an interruption of 10,000 amp by 
Contact No. 100 in 1.1 cycle; the are voltage is 


Intereurree- GZOOAMPS. 


320,00 Kva. (id) 
SWITCH CLEARED IN 5.3 Cc. C089 sex) 
Cc a 


Bes Voir= 1O4 Kv. 
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hardly noticeable. Results of all individual tests 
on contacts Nos. 100 and 101 are plotted in Fig. 9. 
Since tank pressures on this test were too small to 
be recorded and no trace of gases escaping through 
the vent pipe was noticed, it was decided to measure 
the volume of gases generated during the tests of 
contact No. 102. The single-phase-to-ground cur- 
rent tests were supplemented by charging current 
tests. Table IV gives a summary of the test results. 

One of the contacts after test is shown in Fig. 12. 
Except for a slight burning on the stationary and 
movable arcing contact tips there was no trace of 
the interruptions on any of the contacts. The oscillo- 
gram recorded during test No. 3 is shown in Fig. 13; 
the are voltage is hardly noticeable. The charging 
current oscillogram shown in Fig. 14 is particularly 
interesting since it shows interruption taking place 
in one cycle. Additional tests 6, 7, and 8 on a 
breaker equipped with 3 contacts showed arcing 
times not in excess of 2 cycles and give an indication 
of the performance that can be obtained with 6 
expulsion chambers on voltages of 220 kv and higher. 


Fig. 13. Oscillogram show- 
ing interruption of 6,200 
amp, single phase to ground, 
on 110-kv system with ex- 

pulsion contacts No. 102 
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Fig. 14. Oscillogram show- 
ing interruption of charging 
current on 110-kv system 
with contacts No. 102 
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Counterpoise Tests 


at Trafford 


Tests have been conducted on an experi- 
mental transmission line equipped with a 
counterpoise for reducing the tower foot- 
ing surge impedance so as to give added 
protection against lightning. The results of 
these tests are presented herewith, and 
should prove valuable to engineers engaged 
in the design and operation of transmission 
lines. The desirability of further tests made 
under a variety of conditions is indicated. 


By 
C. L. FORTESCUE 


FELLOW A.1.E.E. 


F. D. FIELDER 


ASSOCIATE A.1.E.E. 


Westinghouse Elec. and Mfg. 
Co., East Pittsburgh, Pa. 


Te COUNTERPOISE, introduced 
during the last few years for the protection of power 
transmission lines against direct strokes of lightning, 
consists of cables connected to the transmission line 
towers and buried in the ground. The theory of the 
counterpoise, a review of past developments, and an 
analysis of the different types of counterpoises were 
given in a recent paper (see ‘‘Counterpoises for Trans- 
mission Lines” by C. L. G. Fortescue, ELEc. ENGG., 
v. 52, Dec. 1933, p. 908-17). 

During the winter of 1933-34 tests were made on 
an experimental line at the Trafford (Pa.) laboratory 
with the following objects: 


1. To find if the relations between transmission line ground wire 
and counterpoise are susceptible of measurement using surge genera- 
tors, cathode-ray oscillographs, and conventional laboratory meas- 
urements. 


2. To determine, if possible, the effect of leakance on the mutual 
surge impedance between counterpoise and line and its relation to 
the depth of the ground plane and the resistivity of the soil. 


3. To develop a simple technique of testing so that the electrical 
utilities may be encouraged to proceed with similar investigations 
on a larger scale with more diversity in soil conditions, with the 
hope that with a reasonable expenditure of money the counterpoise 
problem can be solved in a practical way. 


A simple wood pole line was installed consisting of 
one 4/0 and one 2/0 copper wire on cross arms about 
30 ft above the ground at the poles, but considerably 


Full text of a paper recommended for publication by the A.I.E.E. committee 
on power transmission and distribution, and scheduled for discussion at the 
A.I.E.E. Pacific Coast convention, Salt Lake City, Utah, Sept. 3-7, 1934. 
Manuscript submitted May 18, 1934; released for publication May 28, 1934. 
Not published in pamphlet form. 
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higher than this at intermediate points on account 
of the irregular nature of the ground surface. The 
line is over 2,000 ft in length and forms a loop start- 
ing from the laboratory. A sketch of the plan of the 
line and its location with respect to the laboratory is 
shown in Fig. 1. The line was complete and ready 
for testing about the end of December 1933. 


Test I. SuRGE IMPEDANCE OF LINES 
AND MuTUAL IMPEDANCE BETWEEN LINES 


These measurements were made by surging one 
line ungrounded and measuring the current input 
into the line and the induced potential between 
the second wire and ground. The measurements of 
surge impedance made in this manner were calculated 
at 0.5 psec intervals (Fig. 3) and then averaged. 
In Fig. 2 are shown average measurements at differ- 
ent impressed voltages. This curve shows a varia- 
tion from 450 to 550 ohms. The value of 500 ohms 
has been taken as fairly representative for the condi- 
tions under which the final measurements of the effect 
of the counterpoise were made. 

In Fig. 4 is shown the voltage at pole 2 with both 
lines ungrounded and, therefore, gives the true 
coupling factor between the lines. The average of 
the coupling factors measured at the maximum 
point of the wave is approximately 0.25, so that if 
the surge impedance of the surged line is 500 ohms, 
the mutual surge impedance will be 500 X 0.25 or 
125 ohms. 

These tests afford a reliable means of obtaining 
the depth of the equivalent ground plane, and also 
of checking the value of the surge impedance. 
Assuming a speed of propagation equal to light, the 


2(h + d) 


the height of the wire above ground, d is the depth 


surge impedance equals 60 log, , where h is 
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Fig. 1. Plan of wood pole transmission line at 
Trafford, Pa. 


of the ground plane below the surface, and r is the 
radius of the conductor. Also, the mutual surge 
impedance for wires on the same horizontal plane a 
distance d; apart equals 


60 log. eS as | 
t | 


Thus if we know the surge impedance of one of the 
lines and r and h, d can be obtained. However,, 
because of the presence of corona the effective value } 
for r may be in doubt. For this line, 1 at pole 2 is | 
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approximately 29.5 ft and dj is 10.5 ft. 


Substitutin 
in the formulas: 6 


Eitor, eee = 500 
2(h +d) _ 500 
loge = = 8.33 
2(h + d)(12) _ 
0.24 mae oD 
_ (4,225) (0.24) 
bed ae 42.25 


d = 42.25 — 29.5 = 12.75 


The mutual surge impedance was found to be 125 
ohms. : 

V(h + a)? + d? 
log, 2V = ears a = 2.08 


2 (h + d)? + d* _ 


dy 


Vira tas = 42 
(A + d)? = 1,764 — 110 = 1,654 
h+d = 40.6 

d@ = 11.1 ft 


If the speed of propagation is less than that of 
light, then the ground plane depths will be greater. 

The correspondence is close enough for practical 
purposes, and d may be taken as 13 ft in round figures. 
In the above example, if d; had been taken as 11 ft, 
we would have 


V(h + d)? + di? = 44 ft 

(h + d)? = 1,936 — 121 = 1,815 
h+d = 42.6 

d = 13.1 ft 


Hence, an error in d; of a few inches will spoil 
the check. The same is true of the effective radius 
of the wire. If it is assumed that the surge imped- 
ance is affected by the corona radius a correction 
would have to be made in 7, depending upon the 
corona point of the wire. For example, if the effec- 
tive radius were 10 per cent larger than in the first 
example, (i + d) instead of being 42.25 would be 
46.5 ft and d would be 17 ft instead of 12.75 ft for 
the same value of surge impedance. 

Test II. SurGE IMPEDANCE OF GROUND (Fic. 5) 

One of the guy wires with its anchor was used as 
a footing ground. Its measured ground resistance 
by megger was 150 ohms. The apparent surge im- 
pedance was obtained by inserting a noninductive 
resistance in series with the ground and measuring 
the surge potential at the junction point of the re- 


Fig. 2. Surge impedance of 
No. 4/0 line 
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sistance and ground, and at the junction point of the 
resistance and surge generator line. The difference 
between the 2 readings divided by the resistance 
gives the wave of the current in the ground, and the 
potential at the junction of the noninductive re- 
sistance and ground is the surge potential. At 0.25 
usec from the zero point of the wave (see Fig. 5) the 
apparent surge impedance is 240 ohms and at the 
end of 0.5 usec it drops to. 120 chms. It is 100 ohms 
at 0.75 ywsec, 90 ohms at 1 usec, and has an average 
of about 75 ohms at the crest, from wh'ch point it 
reduces gradual y to about 50 ohms. The record 
of the test is given in the curve. This is in accord 
with observations made by other investigators who 
have made similar measurements with surge genera- 
tors on high resistance grounds. It is possible that 
the proximity of large bodies, such as the Trafford 
laboratory building and the tracks of a branch line 
of the Pennsylvania Railroad, may be responsible 
for some of this effect. 


Test III. SurcGEe IMPEDANCE 
OF COUNTERPOISE (FIG. 6) 


The counterpoise consisting of solid °/s in. copper 
weld wire was laid down for the full length of the 
line over the surface, and only a small portion of it 
near the pole at which tests were made was lightly 
covered with earth. This test was made by the same 
method used for measuring the surge impedance of 
the ground. The results of this test are shown in 
the curve of Fig. 6. It will be noted that the 
apparent surge impedance of the counterpoise is 
145 ohms at the end of 0.25 usec, 80 ohms at the end 
of 0.5 usec, 60 ohms at the end of 0.75 usec, and 45 
ohms at the end of 1 usec, and steadily decreases 
with time till at 1.75 usec after the start of the wave 
it has a value of only 30 ohms. The megger measure- 
ment of the counterpoise was 6.0 ohms. The varia- 
tion in the apparent surge impedance of the counter- 
poise is a further indication that the earth resistivity 
is comparatively low, the first indication being the 
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small depth of the equivalent ground plane. Under 
these conditions the effect of leakance cannot be 
ignored and it will be found that it has a dominating 
effect on the characteristics of the counterpoise. 


Test IV. Coup.iinc Factors (Fics. 7-9) 


Test IV consisted of 3 parts, as follows: 


(a). Line grounded to guy wire alone (Fig. 7). 
(b). Line grounded to counterpoise alone (Fig. 8). 
(c). Line grounded to both guy wire and couriterpoise (Fig. 9). 


These curves show the coupling factors between 
the line system which receives the surge and the free 
line, and it will be noted that the introduction of the 
counterpoise in place of the guy ground has had little 
influence on the value of the initial coupling factors. 
This is to be expected for 2 reasons. First, because 
the depth of the ground plane is very small; the 
ratio of the distance of the line image in the ground 
plane from the counterpoise to the distance of the 
line itself from the counterpoise is of the order of 
1.9, the log of which is about 0.64. If the ground 
plane were at ground level the mutual surge im- 
pedance would be zero and as it approaches ground 
level the mutual surge impedance becomes smaller 
and smaller. Second, the low resistivity which is 
associated with a small depth of ground plane pro- 
duces distributed leakance, which may be looked 
upon as producing positive reflections of current 
which have the effect of reducing the mutual surge 
impedance potential due to the positive current 
surges moving in the normal direction while at the 
same time they decrease the apparent surge im- 
pedance of the counterpoise. 


Test V. CoupLinc Factor WITH 
COUNTERPOISE PLACED IN AIR (Fic. 10) 


Test V is the same test as IV(b) with counterpoise 
raised 6 ft above ground level (see Fig. 10). This 
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test was made to show the effect of placing a counter- 
poise in air. It will be noted that the presence of 
the counterpoise has increased the coupling, as was 
to be expected, because now the counterpoise is 
closer to the line wire and further from its image, 
also the effect of leakance is eliminated. The net 
result, however, is a distinct loss of effectiveness of 
the counterpoise, resulting in higher potentials of 
the ground wire and larger difference of potential 
between the line and ground wire. Theoretically, 
if the line wire could be completely enclosed with 
ground wires spaced fairly close together and con- 
nected together at frequent intervals, protection 
approaching the ideal in which line wires and ground 
wires would have the same potential under all condi- 
tions would be approached. This is, however, 
impossible to achieve in practice and it seems that 
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Fig. 7. Determination of 
coupling factors with guy 
connected 


Fig. 8. Determination of 
coupling factors with counter- 
poise connected 


A. Voltage at 

generator (E;) 

Curve B. Voltage on 4/0 line 
at pole 2 (E;) 

Curve C. Induced voltage on 
9/0 line at pole 2 (Es) 
Curve D. Voltage difference be- 
tween lines (E2 — Es) 


Curve surge See subcaption of Fig. 7 for 


meaning of curves 


the best procedure is to take advantage of the lowered 
surge impedance obtained by burying the counter- 
poise in the ground. 


Test VI. EXPERIMENTAL TESTS WITH 
PARALLEL WIRES LAID ON THE GROUND TO 
DETERMINE SPECIFIC RESISTANCE OF THE SOIL 


The results of these tests are given in Table I. 
To obtain the specific resistance from these values 
the formula for the resistance per unit length be- 
tween 2 parallel conductors in homogeneous con- 
ducting mediums may be used. The approximate 
formula is 


2d 


Resistance per_unit length = a p log ie 
Tv 


In this formula 2d is the distance between the centers 
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of the wires, r is the radius of the wires, and p is 
the specific resistance in the same units as are used 
for the measure of length; for example, if the length 
is in meters, p is in ohms per meter cube. In the 
case with which we are dealing the center line be- 
tween conductors divides the 2 mediums, earth hav- 
ing a resistivity p, and air having infinite resistivity. 
This condition gives 


Resistance per unit length = Cd p log ae 
a 


Using this formula we obtain: 


Test No. 1. p 727.5 per foot cube 


222 per meter cube 


Test No. 2. p = 876 per foot cube 


114.5 per meter cube 


487 per foot cube 
148 per meter cube 


Ill 


Test No. 3(a). p 


Wl 


Test No. 3(0). p = 448 per foot cube 


187 per meter cube 


ll 


All these tests were made under different weather 
conditions. In test No. 1 the soil was comparatively 
dry. In test No. 2 it was thoroughly water soaked. 
In test Nos. 3(a) and 3(b) it was comparatively moist. 
End effects have been ignored in all cases. 

The object of these tests was to determine whether 
this simple method of arriving at p for the top soil 
would give reliable results. The fact that tests 
3(a) and 3(b) give comparable results is encouraging 
and suggests that further tests along these lines 
should be made. It is believed that in the lightning 
protection of transmission lines the actual penetra- 
tion is relatively small, with the surge currents ac- 
tually spreading over the surface of the earth, and 
it is this surface distribution that gives the effect 
of penetration. For this reason the resistivity of the 
surface soil may be of great importance. The 
values of » obtained may be classed as medium 
values. High values are of the order of 10,000 ohms 
per meter cube, and low values of the order of 2 or 
3 ohms per meter cube. 


Test VII. THe USE oF THE SURGE GENERATOR IN 
SIMULATING A LIGHTNING DISCHARGE TO A LINE 


Where a lightning stroke strikes a transmission 
line wire it has become the practice to consider the 
lightning channel to have a surge impedance Z, 
to which has been ascribed values varying from 200 
ohms to 400 ohms. If the effective surge impedance 
of the line to the surge from the stroke is Z; and Ey 
is the potential of the lightning surge and /, that of 
the surge on the line resulting from the stroke then 
Ey _ 2Zo+Z | 
E, 22, 


In measuring the surge impedance of such a line a 
known noninductive resistance is placed in series 
with it and the surge generator, and the surge po- 
tential at the junction point of the line and resistor 
and at the other terminal of the resistor are measured. 
Let these values be E’; and £’o, respectively, and let 
the value of the resistor be Ry. Then we have 
Ey, - FE, _ Ey 

Ro WeZy 
or 
ID qo Ey — Ro 

Ee Zs 
Ey) _Ro+Z 


va Z\ ’ 


In order, therefore, that the ratio of a shall 
1 


represent actual surge conditions for a given value of 


Ly 
Ro+Z Zo+Z 
Zi 


1 
must equal DZ, 


or 
ML, iz, 
Ro + Z; must equal a + a 


or 


MD, 
Ro must equal @ = = 
For a composite circuit consisting of short lengths 


of transmission of different values of surge impedance 


Table I—Ground Resistance Measurements Between Parallel 


Conductors Laid 2 In. Below Surface 


Ohms 


Volts Amperes Resistance 
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Fig. 10. Determination of 
coupling factors with counter- 
poise raise 
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Fig. 9. Determination of 
coupling factors with counter- 
poise and guy connected 


See subcaption of Fig. 7 for 


See subcaption of Fig. 7 for 
meaning of curves 


meaning of curves 
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Test No. 1—Weather Fair; Conductors 25 Ft Apart, 127 Ft in Length 


Alternating current.......... 110 
Mirect current soiciens ee ae ves 118 


Test No. 2—After 12 Hr Rainfall; Conductors 25 Ft Apart, 127 Ft in Length 


Alternating current.......... LOG Pic ctcts nictehe ss UM Dom aon sae 13.9 
Directictitrenti-.; speedo acl L2OP ort ecemipteasvous WcOic oes Sragag skoters 17.2 
Test No. 3(a)—Weather Fair; Checking Conductors 25 Ft Apart, 127 Ft in Length 
Alternating current.......... NWO4 5.5 tere ee ere Or Bigs wes cee 18.0 
DirecticuLLvent.;jjeis able femtlic ONO rari kee ers ONC eleitohe rotenone 21.0 
Test No. 3(b)—Weather Fair; Conductors 68 Ft Apart, 127 Ft in Length 
Alternating current.......... NOS he's Sis aan elie DOD. became 19.0 
Direct ctitrent:. besa skeet Ty RB SS om.o Die relevent 21.9 
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Z, cannot be considered constant so that the value of 
Ry must be determined for the value of Z; which is 
dominant at the instant of time in which we are 
interested. 

Tests were made in accordance with this theory, 
the results of which are shown in Figs. 11 and 12. 
In analyzing these curves it must be remembered 
that the conductor used as a ground wire is only 30 
ft above ground at the pole, whereas usually the 
height of most ground wires of steel tower transmis- 
sion lines is from 80 to 100 ft above ground at the 
tower. The surge impedance of the steel tower 
itself is of the order of 100 ohms. In the experi- 
menta! line, the down drop lead and the guy wire have 


Determination of 


4 ap 10004E3 4/o Fig. file 

aml se eon EE | coupling factors with 100 
So COUNT! : ‘ 
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probably a surge impedance of several times this 
value. This higher surge impedance does not com- 
pensate for the lower level of the ground wire except 
possibly in connection with the magnitude of the 
potential obtained, but on account of the low level 
the maximum magnitude will be reached in much 
less time, and this is what the curves indicate. 
For example, in Fig. 12 the crest of the ground wire 
potential is reached in 0.5 usec although the wave F, 
is still increasing. However, on account of the 
high surge impedance of the down drop grounding 
lead it is probable that the crest value obtained is 
approximately the same as would exist on a normal 
tower after 1 usec. The surge impedance values 
are therefore higher than would be recorded on a 
normal steel tower line and the rate of decrease is 
higher. 

The resistance used is based upon the supposition 
that at the point of test the portion of the line affected 
is only one-half the portion that would be affected 
by a lightning stroke. In other words, the counter- 
poise and ground wires would normally extend in 2 
directions, 2 guy wires would represent the normal 
ground, and there would be 2 down drop leads hav- 
ing a combined surge impedance equal to one-half 
of the lead used. Under these conditions Fig. 12 
gives the values that would be obtained if the surge 
impedance of the lightning stroke were approxi- 
mately 250 ohms at the start and became finally 200 
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ohms. There does not appear to be anything un- 
reasonable in such an assumption if we wished to 
make it, but it is much easier to make calculations 
on the basis of a fixed value of Z) and 200 ohms has 
been generally used. On the basis of 200 ohms with 
conventional towers and a footing resistance of 15 
ohms the calculated value of maximum tower top 
potential reached in 1 ysec with the same surge 
impressed as in A would be approximately 112 kv 
as against 117 kv shown by the test. However, at 
the end of 2 usec after the start of the wave the 
calculated value will be 72 kv whereas the curve 
shows only 27 kv. The effect of the counterpoise 
appears to be to increase the attenuation of the tower 
top potential. The total currents indicated by the 
curve are of the right order; thus, for example, after 
540,000 — 27,000 
195 

In terms of 20,000 kv the current would be 97,500 
amp, but this is the current in half the line only so 
that the total current at 20,000 kv would be 195,000 
amp, which agrees with the maximum surge cur- 
rents that have been observed in field tests. The 
energy in a 20,000-kv lightning stroke has about 
5,500 times the energy of the surge shown in these 
curves. The values obtained from Fig. 12 extrapo- 
lated to 20,000 kv are probably pessimistic. 

It would be very instructive if the tests given in 
these curves could be duplicated on an actual trans- 
mission line. Small scale models are not appro- 
priate as there is no way of scaling down the velocity 
of propagation of surges in proportion to the scale 
of the model; this fact has been lost sight of in the 
past and many erroneous ideas have resulted from 
laboratory tests on models. Tests made on selected 
locations would be of incalculable benefit to the 
electrical industry as they would undoubtedly clear 
up all of the puzzling inconsistencies that have been 
encountered in the past; newly built lines could be 
tested and their performance predicted before they 
were put in service, poorly behaving old lines could be 
diagnosed and in many cases corrected. 

While it would not be proper to draw broad con- 
clusions from the results of these tests, it is felt that 
the results are of sufficient promise to justify further 
investigation along the same lines on a larger scale. 


2 usec the current is or 2,630 amp. 


Table II—Speed of Propagation 


Using line open at far end and shorted at surge generator with 
sphere gap which causes a steep chopped wave. Length of line 
2,190 ft 


Microseconds 


Time for Time for Time for Time for 
first second third fourth 


Oscillogram reflection reflection reflection reflection 


1. One complete reflection...... 5.0 

2. One complete reflection...... 5.0 

8. Three reflections. ss... 04... SOS ces Pet PRA ons 5.9 

4. Three reflections............ 5: OR vereere BM Veco onc 5.0 

5. sour reflectiOud sare. aia DO acgereets 5 Oe cevernse (Ls aoe 5.4 

6.” Fotis reflections me. scien os BS eters ANG Sar eres iss ort 5.0 
Average 5.1 

Speed = ae = 860 ft per microsecond (87.5 per cent of speed of light) 


= —— | 
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Test VIII. VeEtocity or 
PROPAGATION OF WAVES OVER LINE 


A check of the velocity of propagation over the 
line was made by using a chopped wave which 
traveled back and forth along the line. Positive 
reflections occurred at the open receiving end, and 
negative reflections at the grounded sending end. 
Oscillograms recorded the period of these double 
reflections (see Table II). The average of the 
values obtained from these tests indicated a velocity 
of propagation 87.5 per cent of that of light. 
This difference is probably explained by the fact that 
the line is very low and the resistivity and dielectric 
constant of the earth have an appreciable effect. 
With higher resistivity soil this effect might be 
expected to be more pronounced. 


DISCUSSION OF TESTS 


The first fact that was encountered when Test I 
was carried out was the small depth of the equivalent 
ground plane. This was not at all what was ex- 
pected from the geological nature of the site on which 
the transmission line was installed. However, Test 
VI seems to confirm the results of Test I by indicat- 
ing that the top soil has comparatively low resistivity 
and for further confirmation the surge impedance of 
the guy anchor ground and the character of the 
impedance of the counterpoise are what would be ex- 
pected with comparative low soil resistivity. 

In considering the adequacy of the ground used as 
a reference from which to measure potentials and 
that of the actual ground for the surge generator, 
we must consider to a certain extent the mechanism 
of the lightning stroke. The cloud and the earth 
form 2 capacities and the earth may be considered 
infinite and practically at zero potential so long as 
there are no discharges. An electric field exists 
between the cloud and the earth which is affected 
by any discharge from cloud to earth. The charges 
on the earth’s surface due to the charge on the cloud 
may be considered as caused by the charges in the 
cloud and their image in the surface of the earth. 
This would give the correct distribution if the earth 
were a perfect conductor, but since this is not so, 
the field of the cloud penetrates into the earth some 
distance and while the surface distribution will 
generally preponderate, any change in the charge of 


the cloud will produce a volume distribution pene- . 


trating some distance into the earth, the depth of 
penetration being greater the greater the resistivity 
of the earth in the region affected by the cloud field. 
When the cloud starts to discharge to earth, dis- 
placement currents take place in the cloud and simi- 
lar conduction and displacement currents take place 
in the earth, which are associated with the charge in 
the field of the cloud caused by the streamer. When 
the streamer reaches the earth, charge rushes in from 
all parts of the earth causing changes in surface and 
volume distributions to annul the charge conveyed 
by the lightning channel and these movements of 
the charge distribution constitute the conduction and 
displacement currents in the earth and from the earth 
to cloud, and the complete circuit formed thereby 
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carries a total current equal to the lightning discharge 
current at the earth’s surface. 

From the above it will be evident that there will 
be considerable difficulty in obtaining a ground for 
the surge generator that will give the same distribu- 
tion of earth currents that is obtained with a natural 
lightning discharge. On the other hand, if the surge 


generator ground impedance is low, the current 
passing through it may be considered as derived from 
a very large area which may be comparable with that 
through which the movements of charges in the earth 
The 


associated with a lightning stroke take place. 


Fig. 12. Determination of 
coupling factors with 195 
ohms series resistance 
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Curve A. Voltage at 
generator (E:) 

Curve B. Voltage at pole 2 
before series resistance (Es) 
Curve C. Voltage on 4/0 line 
at pole 2 (Es) 

Curve D. Induced voltage on 
2/0 line at pole 2 (Es) 

Curve E. Voltage difference be- 
tween lines (E; — Es) 

Curve F. Surge impedance of 
line, guy, and counterpoise 
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laboratory groutd used in these tests is connected 
to the water mains supplying the building, to the 
metallic structure of the building itself which has a 
large capacity, and also to the large oil tanks which 
are connected to the oil drainage system. It covers 
an area, therefore, of large surface contact with the 
earth and having high capacitance, and fulfills fairly 
well the conditions for distribution of the surge 
current in the earth. It should be remembered also 
that the high potentials existing in the earth due toa 
lightning stroke are highly localized and even at a 
distance of a hundred feet or so the potentials are 
reduced to relatively small values. It does not seem 
likely that where the resistivity of the soil is very 
high the direction of flow of the earth currents will 
influence to any great extent the propagation of the 
surges in the counterpoise wire itself. With low 
resistivity soil the magnitude of the currents in the 
earth may become large aud if their direction is 
opposite to that of the propagation in the counter- 
poise they may have a considerable effect on its 
apparent behavior. In considering the results of 
these tests, therefore, weight must be given to the 
possible effects of the location of the laboratory with 
respect to the line and the position of the surge 
generator ground. 

Let us consider Tests IV(a), (b), and (c); these 
were made under the same weather conditions and 
therefore are comparable. It should also be noted 
that the line used for the ground wire is grounded only 
at pole No. 2, being open at the far end. The fact 
that the line is open at the far end need not concern 
us as the reflection will not have any effect until 
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after 5 wsec from the start of the wave. However, 
with no ground at poles 1,000 ft distant the potential 
recorded is higher after 2 or 3 ysec than it would 
have been had the line been grounded at a distance 
of 1,000 ft from pole No. 2. First of all, it should be 
noted that the wave impressed at the generator termi- 
nals is practically identical in the 3 tests. Next it 
will be noted that the coupling factor for (a) is about 
29 per cent, for (b) about 32 per cent, and for (c) 
about 34 per cent. The results for (b) and (c) ap- 
pear to be inconsistent as far as coupling factor is 
concerned, but this easily may be accounted for by 
the point on the wave at which the values were read. 
In general, it will be seen that the inclusion of the 
counterpoise has affected the coupling factor a very 
little. 

The next thing to observe is the maximum value of 
the potential difference between line and ground wire. 
This shows the following values: 


(a). With guy wire ground alone, 212.5 kv. 
(bo). With counterpoise alone, 170.0 kv. 
(c). With both guy and counterpoise, 142.0 kv. 


It will be noted that the counterpoise shows con- 
siderably (20 per cent) better than the guy wire and 
the 2 together are about 16 per cent better than the 
counterpoise alone and 33 per cent better than the 
guy wire ground alone. But there is considerably 
more gain than is indicated by the maximum values 
alone. In the first case (a) the difference of potential 
at the end of 2 wsec duration of the wave is about 
93 per cent of the maximum, and at the end of 3 psec 
the difference is 77 per cent of maximum; with the 
counterpoise alone (b) at the end of 2 ysec of wave 
the value of the potential difference is only about 58 
per cent of the maximum, and at the end of 3 usec 
it is about 31 per cent of its maximum. With both 
guy and counterpoise (c) at the end of 2 usec of the 
wave the value is 57 per cent of the maximum and at 
the end of 3 usec of wave it is 31 per cent of the 
maximum. Thus it is evident that the counterpoise 
has attenuated the wave of potential difference to a 
great amount compared with the guy ground, with 
corresponding improvement in protection. 

In spite of the fact that the soil resistivity is quite 
low, a condition which is not particularly favorable 
to the counterpoise, it has shown a decisive gain. 
It is probable, however, that the same results might 
have been obtained by the use of several driven 
grounds. On the other hand, it is probable that 200 
ft of counterpoise would have given just as good re- 
sults as the full length which was used. With higher 
resistivity soil the counterpoise will show up more 
effectively due to the greater depth of the ground 
plane and lower leakage, which will give a high mu- 
tual surge impedance between counterpoise and 
ground. 


FURTHER INVESTIGATION 


The results of these tests show that a technique 
has been worked out which it is believed will give 
approximately the characteristics of counterpoise 
grounds under any soil conditions. There is urgent 
need for more data on the performance of counter- 


poises under varying soil conditions. After such 
data have been obtained it will be an easy matter, 
knowing the soil resistivity, to design a counterpoise 
system which will be adequate. On the other hand, 
some method must be developed for finding out 
whether a counterpoise is needed or whether the 
same results may be obtained more economically 
by the use of driven grounds. It is believed the 
proper procedure for obtaining the required data is to 
build a section of wood pole line 2,000 or 3,000 ft 
long of similar construction to that at the Trafford 
laboratory, except that better arrangements for 
grounding one of the lines should be provided, so that 
lower surge impedance of the grounding lines may be 
obtained. The work would be done at the center of 
the line so that a grounded tower 1,000 ft away on 
either side will be available. In order to obtain 
results more or less directly comparable with actual 
lines, 3 wires are suggested so that 2 of them may be 
used for overhead ground wires, while the third will 
be the line wire and left free for mutual coupling 
measurements. The counterpoise may be made up 
of any suitable material in suitable lengths, say 200 
or 100 ft, and provision can be made for connecting 
links so that it may be laid down as a single parallel 
counterpoise over the whole length of the line, or by 
removing a section the counterpoise may be made to 
extend on either side of the tower 100 or 200 ft or 
they may be laid down to form a double parallel 
counterpoise or cross counterpoise. 

On account of the fact that the test should be made 
at the middle of the line instead of at one end as was 
done in the Trafford test, an extra large surge genera- 
tor should be used because the load on the surge 
generator will be twice as great as in the Trafford 
tests. A 2,000-kv generator of 0.025-uf capacity 
would be satisfactory. Difficulty may be experi- 
enced in obtaining a reference ground for the surge 
generator of sufficiently low surge impedance where 
the resistivity of the soil in the test location is high. 
This problem will have to be worked out in the field 
for each location. Once this ground is established 
there will be no difficulty in carrying out the neces- 
sary tests on the line. A program of the kind dis- 
cussed above is very essential if the art of trans- 
mission of power is to progress. 


CONCLUSIONS 


The following conclusions appear to the authors 
to be justified from these tests. 


1. Measurements can be made from which the surge impedance of 
ground wires, counterpoise wires, grounds, and the mutual coupling 
factors between these and line wires can be derived for use in calcula- 
tions. 


2. The depth of the equivalent ground plane may be deduced from 
some of these measurements. 


3. The results of these tests indicate that small depth of ground 
plane and low resistivity of. the soil are related characteristics. 
They reduce the coupling factor between counterpoise and line. 


4. The relation between coupling factors of counterpoise and line ~ 
as affected by the depth of the ground plane seems clear, but the 
effect of leakance due to low earth resistivity will require more data 
with diverse soil conditions. 


5. Leakance appears to be the dominant quantity in determining 
the effectiveness of counterpoises when the soil resistivity is low. 
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Further investigation of like character will be required to determine 


at what values of soil resistivity counterpoises instead of driven 
grounds are indicated. 


6. The tests indicate that counterpoises even in comparatively low 
resistance soil are effective not so much by reducing the maximum 
value of the tower top potential as by reducing the tail of wave in 


_ avery marked manner so that the energy in the wave is very much 


reduced. 


7. A method of obtaining the resistivity of the top soil has been 
derived and gives what appears to be satisfactory results. 


8. .A method of testing a complete line to simulate the effect of a 


lightning stroke over a channel having a given value of surge im- 
pedance was tried out. This method although not rigorous holds 
great promise as a means for comparing the advantages of different 
types of grounding, and comparing them with known types. It 
also may be used in testing new lines to determine their probable 
future behavior. 


9. A more comprehensive program of testing should be carried out 
at locations having different soil conditions to determine the char- 
acteristics of counterpoises and other grounding means. 


Field Tests on 
Conductor Vibration 


Field tests on transmission conductor vibra- 
tion as affected by dampers and suspension 
clamps have been made in an attempt to 
find a solution to the important problem of 
stopping such vibration in an economical 
manner. This paper presents some data in 
regard to number and spacing of the 
“Stockbridge” type damper. The ques- 
tion of whether vibration is transmitted 
through or stopped by various types of sus- 
pension clamps also is discussed, and 
actual records of frequencies on both sides 
of suspension clamps shown. 


By 
E. M. WRIGHT 


MEMBER A.1.E.E. 


J. MINI, JR. 


ASSOCIATE A.1.E.E. 


Pacific Gas and Elec. 
Co., San Francisco, Calif. 


M...:: valuable information has 
been obtained, both from the laboratory and field, on 
vibration of transmission line conductors. The 
theory, cause, effect, and methods of preventing 
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trouble from conductor vibration has been presented 
from many angles over a number of years. This 
paper will not attempt to discuss the theory or cause 
of vibration, but will present records, taken on an 
operating line over a period of several months, with 
and without damping equipment, in the hope that 
these records will help some of the many engineers 
now studying this problem to understand better 
what actually occurs in the field. 
The tests were made: 


1. To determine the damping effects of different numbers and 
spacings of the same type of damper in any one span. 


2. To get records of the actual frequency and amplitude of the 
vibration occurring on the conductor. 


38. To get simultaneous records of the actual frequency and ampli- 
tude occurring in adjacent spans. 


4. To compare the action of trunnion and non-trunnion type 
clamps on the bending of the conductor, by taking simultaneous 
frequency and amplitude records equidistant on each side of the 
clamp. 


The tests were made on a 165-kv circuit of 795,000- 
cir-mil aluminum conductor steel reinforced, having 
54 strands of aluminum, 0.1214 in. diam., and 7 
strands of steel, 0.1214 in. diam. The circuit was 
operating on one side of a twin circuit steel tower 
line having a normal span of from 750 to 800 ft. 
(229 m to 244 m). The tension in the conductor 
was approximately 4,100 lb (1,860 kg) at 60 deg F. 


INSTRUMENTS 


Many instruments have been made to record 
amplitude of vibration, by attaching them directly 
to a “‘dead’’ line, or by connecting to a “‘hot’’ line 
with an insulating string, but this method requires 
bulky equipment and tends to confine the test to 
one locality or restricts the number of records ob- 
tained. With portability and a large number of 
records in mind, an instrument shown in Fig. 1 
quite similar to a smaller one used by the Aluminum 
Company of America, was adapted for the purpose. 
This instrument in its original form was used to record 
time of operation of motor vehicles and consisted of 


Full text of a paper recommended for publication by the A.I.E.E. committee - 
on power transmission and distribution, and scheduled for discussion at the 
A.1.E.E. Pacific Coast convention, Salt Lake City, Utah, Sept. 3-7, 1934. 
Manuscript submitted April 30, 1934; released for publication May 24, 1934. 
Not published in pamphlet form. 


Fig. 1. 


Two views of recorder ‘‘A,” used to record 
time and amplitude of vibration 
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a light pendulum with a stylus attached to it. This 
stylus recorded the movement of the pendulum on a 
6 in. (15.2 cm) diam. circular waxed chart which was 
driven by means of a clock. For recording vibration, 
the instrument was rotated 90 deg in the plane of 
the pendulum and the latter held in a horizontal 
position with a light spring. The instrument was 
then hung on a mechanically vibrated conductor and 
the weight of the pendulum and distance of the 
stylus from the axis of the pendulum altered until 
the chart record represented the vibration ampli- 
tude to very near actual scale at all frequencies 
from 3 to 30 cycles per second. By making all but 
the clock parts out of aluminum, the weight was 
kept down to 3.5 Ib (1.59 kg). Seven of these instru- 
ments were made and were put on and taken off 
the conductor with a “‘hot stick’? 12 ft (8.66 m) 
long. Several checks made in the field showed the 
amplitude of vibration recorded to be remarkably 
close to the actual. This instrument will be re- 
ferred to as recorder A. 

Another instrument was adapted to record fre- 
quency and amplitude for 3 independent motions 


Fe 77m o Fig. 2. Recorder 
le oe ‘‘B” with alternate 
low and_ high 
speed chart drive 


Simultaneous vibra- 
tion records taken 
from 3 different 
points. Note beam 
between the 2 out- 
side strings with cen- 
ter point attached 
to center recording 
arm for recording 
the’ resultant of the 

©outside motions 
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Fig. 3. “Stockbridge” type damper used ‘in test,| 
showing above, elevation of damper, and below, plan 
of damper without clamp 
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Fig. 4. Charts from recorder ‘‘A”’ showing ampli- 
tude of vibration on conductors with 2 arrangements 
of 2 dampers per span 
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8:40 8:40 8:45 9:05 9:10 
9:00 9:00 9:00 9:20 9:20 


On, 10/5/33, a.m. 
Off, 10/6/33, a.m. 


simultaneously on one rolled strip chart. Three 
small cranks, with equal length arms, were mounted 
on the face of an Esterline Angus quick-trip high- 
speed motor-driven recorder as shown in Fig. 2. 
The horizontal sections of 2 of these arms were at- 
tached directly to the conductor with a special waxed 
twine, at positions within 20 ft (6.1 m) of each other. 
The end of the vertical section of the crank arms 
held a stylus which recorded the movement of the 
end of the arms on the moving chart. The chart 
was standard paper roll which had been sprayed with 
a black crackle enamel. Marks made by the steel 
stylus could be seen easily by light reflection. 
Moderate speed clock drive, and fast electric motor 
speed drive were used alternately for long periods of 
operation. Amplitude was recorded continuously at 
both speeds but readable frequency also was re- 
corded at the fast speed for short periods only every 
half hour. This instrument was designed primarily 
to obtain simultaneous readings of vibration in the 
conductor on each side of the suspension clamp. A 
small aluminum beam was connected between the 2 
outside strings, and the center of this beam was at- 
tached to the middle crank arm to obtain the re- 
sultant of the 2 outer string vibrations. The re- 
sultant is equal to one-half the algebraic sum of the 
2 vibration motions. This instrument will be re- 
ferred to as recorder B. 
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Fig. 5. Charts from recorder ‘‘A’’ showing ampli- 
tude of vibration on conductors with 2 arrangements 
of 2 dampers per span’ 
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On, 10/19/33, a.m. 9:50 9:45 9:40 10:05 10:10 10:15 
Off, 10/20/33, a.m. 9:05 9:05 9:05 9:35 9:35 9:35 


DAMPER TESTS 


Many preliminary records were taken on the line 
to determine the frequency and amplitude of vibra- 
tion. During these tests, covering approximately 
1,000 continuous hours, it was found that vibration 
occurred over 80 per cent of the time at amplitudes 
from 0.1 in. (5 mm) to at least 0.9 in. (2.388 cm) 
which was the maximum travel limit for recording 
of the stylus in the recorder A. Asa result of these 


preliminary tests, an exposed position of approxi- 


mately 6 miles (9.67 km) near Sacramento, Calif., 
was chosen for the vibration damper tests. At this 


{= 


SEMI- TRUNNION 


Fig. 6. Three types of sus- 
pension clamps used in test 
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place, the line location is almost due north and south, 
and about 20 miles (32.2 km) from the eastern side 
of the southern end of the Sacramento Valley. The 
valley is about 60 miles (96.7 km) wide at this point. 
Prevailing winds were generally from the west across 
the line toward the Sierra Nevada mountains, dur- 
ing the time of test between June and October. 

The damper chosen for test was the ‘“‘Stockbridge’”’ 
type, as shown in Fig. 3. 

Experiments were made in the year 1932 on an- 
other line having the same type of conductor, and as 
a result 4 dampers per span, spaced 4.5 ft (1.37 m) 
and 12 ft (3.66 m) from the suspension clamp on one 
end, and 8 ft (2.44 m) and 15 ft (4.57 m) from the 
suspension clamp on the other end of the same span 
were installed. 

The purpose of the present tests was to determine 
the best position and the minimum number of 
dampers which could be used in each span to suf- 
ficiently damp the vibrations. 

In the tests described in this paper, several damper 
installations were made along the line, each being 
separated from the others by at least 3 undamped 
spans. All combinations of the above spacings were 
installed, and at each location, one conductor, usually 
the top, was left undamped, while the middle and 
bottom wire were damped with the experimental ar- 
rangement. Recorders type A were placed on the 
undamped wire at one end, and on the middle and 
bottom wires at both ends 6.0 ft (1.84 m) from the 
suspension clamps. The undainped wire record was 


curves, showing number 
of times any amplitude 
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Curve 2. Number of times 
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Fig. 9. Three amplitude and frequency charts, taken 
with recorder ‘‘B’’ on trunnion type clamp 
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Top and bottom curves of each chart from opposite sides of the 
clamp 5 ft out 

Middle curve of each chart is the resultant. (See Fig. 2) 

Solid sections taken at clock speed for 30 min 

Frequency curves taken at motor speed (shown by the hori- 

zontal scale) for 12 sec at the end of each half hour 

Amplitude shown by vertical scale 


used as an indication of the probable vibration which 
would have occurred on the other 2, if dampers had 
not been attached to them. From 4 to 8 24-hr 
records were taken on each installation. The records 
from the damped wires were compared with each 
other and by elimination the better arrangements 
were set up again, this time with dampers installed 
in the adjacent spans, to prevent interference from 
those heretofore undamped spans. Records taken 
from 2 of the better arrangements are shown in 
Figs.4and 5. These records were taken from several 
of the same type and are distinctly representative. 


SUSPENSION CLAMP TESTS 


The purpose of this test was to get a large number 
of simultaneous records of frequency and amplitude 
of conductor vibration on both sides of 3 different 
types of suspension clamps. The clamps used were 
standard makes of the non-trunnion, trunnion, and 
semi-trunnion types shown in Fig. 6. The insulator 
string consisted of 14 10-in. (25.4-cm) ball and socket, 
5.75-in. (14.6-cm) spaced cap and pin type insulators. 
Records were all taken with the recorder B installed 
in the tower approximately 15 ft (4.57 m) below the 
bottom conductor. Waxed strings were attached to 
the conductor on each side of the suspension clamp 
at points 5 ft (1.52 m) out from its center. These 
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Fig. 10. Three amplitude and frequency charts, taken 
with recorder ''B’’ on semi-trunnion clamp 


See subcaption of Fig. 9 for meaning of curves 


strings were dropped vertically to the end of high 
strength aluminum tubes supported horizontally, 
and from the end of these over small ball bearing 
aluminum sheaves through the tube to the recorder 
&. A short distance above the recorder B, a light 
metal beam was connected between the 2 strings, 
and its middle point connected with a light stiff 
wire to the middle crank arm. The amplitude of 
the vibration recorded by this middle crank stylus 
point indicated quite accurately whether the vibra- 
tions in one span were or were not synchronous and 
in phase with those in the adjacent span. 

The records taken on the above set-up also fur- 
nished some very useful information as to the fre- 
quencies actually occurring on the conductor over 
a long period of time; the comparative frequencies 
and vibration amplitude occurring in adjacent spans; 
and the effect, if any, of the different type of clamps 
on frequency and amplitude. 


lion Hol 
vdeo to oa fea front r-ca—a wi 
Fig. 11. Amplitude and frequency charts, taken 


with recorder ‘‘B’”’ on non-trunnion clamp 


See subcaption of Fig. 9 for meaning of curves 
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The frequency occurring on the conductor for all 
records taken is shown in Fig. 7, and indicates quite 
a broad range on this particular conductor. Most of 
the records were taken between 5 p.m. and 8 a.m. 
as but little vibration occurred during the remainder 
of the time. In Fig. 8 are shown 2 curves of ampli- 
tude plotted against number of times occurring. 
The amplitude referred to is that occurring at a 
point 5 ft (1.52 m) from the suspension clamp. 

The frequency occurring in adjacent spans was 
generally about the same, being in almost all cases 
within 1 or 2 cycles per second of each other. Ina 
few cases the frequency in one span was approxi- 
mately one-half that in the other. Some cases were 
observed, however, where there was little or no 
vibration recorded in one span, while the adjacent 
span was quite active, reaching amplitudes of 0.5 
in. (1.27 cm) or over at times. In general, the ampli- 
tude and frequency characteristic of one span was 
similar in some respect to that in the adjacent span. 

Charts shown in Figs. 9, 10, and 11 are representa- 
tive sections taken from the records on the 3 types 
of clamps.’ The top and bottom curves represent 
the vibration of the conductors from opposite sides 
of the clamp. The middle curve is the resultant or 
half the algebraic sum of the top and bottom curves, 
as indicated by the motion of the middle point of the 
beam shown in Fig. 2. The records were taken at 
various speeds of the clock, or motor drive, but may 
be studied by means of the scales shown. A com- 
parison of the wave form of the conductor vibration 
for any instant taken from either side of the clamp 
will indicate what the resultant vibration should be. 
For all cases studied closely, this checked exactly 
with that recorded. A study of all 


and broken up. When comparing the vibrations of 
the middle wire which was supported on a standard 
clamp, with the vibrations in the bottom wire hung 
in the special compression spring clamp, the latter 
generally showed less amplitude, but nothing defi- 
nite can be said about this, due to the few records 
taken. 


CONCLUSIONS 


The following conclusions were reached after a 
close study of all the records taken, and apply only 
to the type of conductor, the particular location, 
span, and tension used. It is quite probable that 
the same general conditions would be found in other 
conductors regardless of size, tension, and span. 


1. For the particular type conductor and damper tested, one 
damper installed on the conductor approximately 4.5 ft (1.387 m) 
from the suspension clamp at each end of the same span will suf- 
ficiently limit vibration under ali conditions, and is better from a 
damping standpoint than an additional number. 


2. The most prevalent frequencies are between 8 and 16 cycles 
per second, and hence the calculated loop lengths are between 17 
ft (5.2 m) and 11 ft (3.86 m) for the conditions under which the test 
was made. 
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3. The frequency in one span is generally within one cycle of that 
in the adjacent span, but is rarely the same. 


4. No difference was noticeable between the effect produced by 
the use of the trunnion and non-trunnion type of clamps on the 
amplitude or frequency of vibration, or the tendency to either retard 
or aid the transmission of vibration waves from one span to the 
adjacent one. 


5. Uniform amplitude does not occur for periods of more than 
one second and the frequency often changes 1 or 2 cycles per second 
within a few seconds. 


records taken gave no indication of 
any consistent effect given by any 
certain type of clamp. All the rec- 
ords of frequency and amplitude, 
regardless of type of clamp, showed 
a consistent inconsistency. Most 
of the records studied showed an 
indication that the vibration in one 
span tended to break up the vi- 
bration in the adjacent span re- 
gardless of the type of clamp used. 
This was shown by the occasional 
sudden change in the uniformity of 
cyclic wave. 

Several records were taken with 
recorder B on a suspension clamp 
which had a spring working in 
compression, connected between the 
clamp and the insulator string. 
Simultaneous records were taken 
‘on ‘the bottom conductor, at each 
side of this clamp. A few tests 
were also taken on the middle wire 
and the bottom wire, at the same 
time, with the recorder attached to 
opposite sides of their respective 
clamps. There seemed to be a 
marked vibration interference on 
both sides of the clamp, as both of 
the wave forms were very irregular 
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May Be Visited During Pacific Coast Convention 


“Temple of Osiris” in Bryce Canyon, in southwestern Utah, will be visited by many of those 

attending the Institute's Pacific Coast convention in Salt Lake City, Sept. 3-7, 1934. Bryce 

Canyon is a “‘box" canyon filled with a countless array of fantastically erroded pinnacles, and 
is generally considered to be the best exhibit of vivid coloring of the earth's materials 
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Of Lastitute aoe | Related Activities 


Plan Your Vacation to Include 
the Pacific Coast Convention at Salt Lake City 


TES PACIFIC COAST convention 
this year will be held September 3-7, 1984, 
in Salt Lake City, Utah, which offers to 
many members unusual possibilities to com- 
bine a few vacation days with the conven- 
tion trip. Yellowstone National Park is 
but a night’s ride by rail from Salt Lake 
City. Within the boundaries of Utah and 
in Northern Arizona there are located such 
scenic wonders as the Grand Canyon, Zion, 
and Bryce Canyons. For those who are 
interested in the wonders of engineering 
as well as the wonders of western scenery 
there is a possibility of combining a trip to 
Boulder Dam (now at its most interesting 
construction stage) with the convention 
trip through the Utah parks. In addition 
the committee has arranged the schedule 
of technical sessions during the mornings, 
except on the opening day, so as to leave 
the afternoons free to enjoy sightseeing 
trips, inspection tours, or recreation in the 
form of golf or bathing at some one of the 
many delightful recreational centers within 
an hour’s ride of Salt Lake City. Con- 
vention headquarters will be in the Hotel 
Utah. 


TECHNICAL 
PROGRAM 


A technical program of broad scope and 
current interest has been developed to ap- 
peal particularly to western engineers. A 
session on communication has been sched- 
uled on Monday afternoon. On the morn- 
ings of the following days sessions will be 
held on the subjects of management, pro- 
tective devices, lightning, transmission, and 
selected subjects. In addition, student 
sessions will be held on the afternoons of 
Tuesday and Wednesday, September 4 and 
5, respectively. 

The transmission session should have 
unusual appeal as it deals with some of the 
latest studies in stability, vibration, corona, 
and insulation, and some of the papers are 
related to the Boulder Dam transmission 
projects. 


ENTER TAINMENT 
FEATURES 


On Monday evening, September 3, there 
will be a reception in the ballroom of the 
Hotel Utah followed by dancing. This 
will be one of the most important entertain- 
ment features of the convention and it is 
hoped there will be a full attendance by 
members with their wives and guests. 
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On Thursday evening, September 6, fol- 
lowing the golf tournament, the principal 
banquet of the convention will be held at 
the Salt Lake City Country Club. The 
awarding of the golf prizes will take place 
at this banquet and it will be followed by 
dancing. 

The ladies have not been neglected in the 
entertainment arrangements. Sightseeing 
tours and social events are being planned 
and the details will be announced later. 


SPORTS 


On the afternoon of Thursday, September 
6, there will be a golf tournament at the 
Salt Lake City Country Club. The John 
B. Fisken Cup competition, open only to 
members of the Pacific Coast Sections, will 
take place at this time. There will of 
course be competition for other prizes 
which will be open to all registered mem- 
bers and guests attending the convention. 


TRIPS 


On Friday afternoon, September 7, it is 
expected that those who intend to make a 
tour of the Utah National Parks and the 
Grand Canyon will start on their trips. 
The Boulder Dam inspection trip will also 
begin on Friday afternoon. 


Technical 
Program 


All papers are scheduled for publication 
in ELECTRICAL ENGINEERING prior to the 
convention. For the papers which already 
have been published reference to the issue 
and page is given after each title in the list 
which follows. The remaining papers are 
scheduled for publication in the August 
issue. Members who wish to follow the 
presentation in detail and discuss the papers 
are urged to take the necessary issues to 
the convention. 


Monday, September 3 


2:00 p.m.—Communication 


TELEvistion, A. H. Brolly, Television Labora- 
tories, Ltd. 


RESONANT LINES IN Rapio Circuits, F. E. 
Terman, Stanford University. July, p. 1,046-53 


WIDE-BAND OPEN-WIRE PROGRAM SYSTEM, 
H. S. Hamilton, American Tel. & Tel. Co. 
April, p. 550-62 


LINE FILTER FOR PROGRAM System, A. W. Clem- 
ent, Bell Telephone Laboratories. April, p. 562-6 


Tuesday, September 4 


9:00 a.m.—Management and Protective Devices 


THE THEORY OF INCREMENTAL RATES. AND 
THEIR PRACTICAL APPLICATION TO LOAD Division, 
Parts I anv II, M. J. Steinberg and T. H. Smith, 
Brooklyn Edison Co. 

March, p. 432-45; April, p. 571-84 


Joint Use oF Pores WitTH 6,900-VoLttr LinEs, 
W. R. Bullard, Electric Bond and Share Co., and 
D. H. Keyes, American Tel. & Tel. Co. 

Dec., p. 890-8 


Some RECENT RELAY DEVELOPMENTS, Lloyd F. 
Hunt and A. A. Kroneberg, Southern California 
Edison Co., Ltd. April, p. 530-5 


DisTaNce RELAY ACTION DuRING OSCILLATIONS, 
E. H. Bancker and E. M. Hunter, General Elec- 
tric Co. July, p. 1,073-80 


THE EXPULSION Or CrirRCuIT BREAKER, A. C. 
Schwager, Pacific Electric Mfg. Corp. 
July, p. 1,108-15 


Wednesday, September 5 
9:00 a.m.—Lightning 


LIGHTNING INVESTIGATION ON ‘TRANSMISSION 
Lines—IV, W. W. Lewis and C. M. Foust, General 
Electric Co. 


LIGHTNING INVESTIGATION ON 220-Kv PENNSYL- 
VANIA POWER AND LIGHT COMPANY SySTEM 1931-— 
1933, Edgar Bell, Pennsylvania Power & Light Co. 


COUNTERPOISE TESTS AT TRAFFORD, C. L. 
Fortescue and F. D. Fielder, Westinghouse Electric 
& Mfg. Co. July, p. 1,116-23 


LIGHTNING PERFORMANCE OF 132-Kv LINgs, 
Philip Sporn and I. M. Gross, American Gas & 
Electric Co. 


FIELD TESTS ON THE COUNTERPOISE, L. V. 
Bewley, General Electric Co. 


Thursday, September 6 


9:00 a.m.—Transmission 


FIELD TESTS ON CONDUCTOR VIBRATION, E. M. 
Wright and Joseph Mini, Jr., Pacific Gas & Elec. 
Co. July, p. 1,123-7 


Corona Losses From Conpucrors or 1.4-INcH 
DIAMETER, Joseph S. Carroll, Stanford University, 
Bradley Cozzens, and T. M. Blakeslee, Dept. of 
Water and Power, City of Los Angeles, California. 

Dec., p. 854-60 


Power Limits oF 220-Kv TRANSMISSION LINES, 
Alex. A. Kroneberg, Southern Calif. Edison Co., 
Ltd., Los Angeles, and Mabel: Macferran, Metro- 
politan Water District of Southern California, 
Los Angeles. Nov., p. 758-66 


PowrR LIMITS OF SYNCHRONOUS MACHINES, 
Edith Clarke*and!R. G. Lorraine, General Electric 
Co. Nov., p. 780-7 
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THE INSULATOR STRING, R. W. Sorensen, Cali- 
fornia Institute of Technology. 


PROPERTIES OF CONTAMINATED GLASS AND 
PORCELAIN SuRFACES, W. A. Hillebrand, Univer- 
sity of California. 


Friday, September 7 


9:00 a.m.—Selected Subjects 


SIMPLIFIED MEASUREMENTS OF SOUND ABSORP- 
TIon, A. L. Albert and T. B. Wagner, Oregon State 
College. 


A GiLow DiscHARGE ANEMOMETER, F. C. Lind- 
vall, California Institute of Technology. 
July, p. 1,068-73 


ELECTRICAL FIGURES ON PLATES IN AIR, J. Gib- 
son Pleasants, California Institute of Technology. 
Feb., p. 300-7 


REIGNITION OF AN ARC AT LOW PRESSURES, 
S. S. Mackeown, J. D. Cobine, and F. W. Bowden, 
California Institute of Technology. 

July, p. 1,081-5 


INSULATOR ARCOVER IN AIR, F. W. Maxstadt, 
California Institute of Technology. July, p. 1,062-8 


RULES ON PRESENTING 
AND DISCUSSING PAPERS 


At some of the technical sessions, a few 
papers may be presented only by title. 
This will permit the devotion of more time 
to discussion. At other sessions, papers 
will be presented in abstract, 10 min being 
allowed for each paper unless otherwise ar- 
ranged, or the presiding officer meets with 
the authors preceding the session to arrange 
the order of presentation and allotment of 
time for papers and discussion. Authors 
will be notified officially in each case about 
one month in advance. 

Any member is free to discuss any paper 
when the meeting is thrown open for general 
discussion. Usually 5 min are allowed to 
each discusser for the discussion of a single 
paper or of several papers on the same 
general subject. When a member signifies 


his desire to discuss several papers not 
dealing with the same general subject, he 
may be permitted to have a somewhat 
longer time. 

It is preferable that a member who 
wishes to discuss a paper give his name in 
advance to the presiding officer of the ses- 
sion at which the paper is to be presented. 
Each discusser is to step to the front of the 
room and announce, so that all may hear, 
his name and professional affiliations. 
Three typewritten copies of discussion pre- 
pared in advance should be left with the 
presiding officer. 

Other discussion to be considered for 
publication must be submitted, typed 
double spaced, in triplicate to C. S. Rich, 
secretary of the technical program com- 
mittee, A.I.E.E. headquarters, 33 West 


. 39th St., New York, N. Y., on or before 


Sept. 21, 1934. Discussion received after 
this date will not be accepted. 


COMMITTEES 


The general convention committee for 
the 1934 Pacific Coast convention consists 
of the following members: B. C. J. Wheat- 
lake, chairman; R. W. Sorensen, vice-chatr- 
man; W. R. Barrett, treasurer; and W. M. 
Allen, A. P. Hill, G. L. Hoard, A. H. Hull, 
1 OL WKVoilev,, Ish I IBketeney, Wye (Ce 
Smith, L. B. Stacey, J. A. Thaler, and V. B. 
Wilfley. The chairmen of the various sub- 
committees working with the general con- 
vention committee are as follows: technical 
program, A. LeRoy Taylor; finance, J. A. 
Kahn; transportation, C. A. Malinowski; 
hotels and registration, L. E. Brown; re- 
ception, C. R. Higson; entertainment, 
W. L. Winter; golf, J. A. Hale; publicity, 
L. B. Fuller; student activities, J. Hugh 
Hamilton; and ladies’ entertainment, Mrs. 
L. B. Fuller. 


The famous Temple Square in Salt Lake City. 
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In the center is the temple of the Mormon 

Church, the large building at the left being the tabernacle. Salt Lake City, the scene of the 

Institute’s Pacific Coast convention, Sept. 3-7, 1934, affords these and many other points of 
outstanding interest to visitors 


Summer Convention to Be 
Reported in Next Issue 


The 50th annual summer convention of 
the Institute held in Hot Springs, Va., 
June 25-29, 1934, with headquarters in The 
Homestead, was in progress as this issue 
went to press. A detailed report of this 
convention, including the annual business 
meeting with presentation of prizes and 
medal; 50th anniversary meeting; confer- 
ence of officers, delegates, and members; 
directors’ meeting; technical sessions; and 
inspection trips and entertainment features 
is scheduled for publication in the August 
issue of ELECTRICAL ENGINEERING. 


Technical Committee 
Reports Postponed 


The annual reports of those technical 
committees of the Institute which have 
compiled reports for the past year were 
stated in the June issue of ELECTRICAL 
ENGINEERING to be scheduled for publica- 
tion in the present issue. However, publi- 
cation of these annual reports has been in- 
definitely postponed pending recommenda- 
tion of the Institute’s technical program 
committee. 


A.1.E.E. Directors 
Meet in New York 


The regular meeting of the board of di- 
rectors of the American Institute of Elec- 
trical Engineers was held at Institute head- 
quarters, New York, N. Y., on Friday, May 
25, 1934. 

Present: President—John B. Whitehead, 
Baltimore, Md. Past-president—H. P. 
Charlesworth, New York, N. Y. Vice-presi- 
dents—J. Allen Johnson, Buffalo, N. Y.; and 
E. B. Meyer, Newark, N. J. Directors— 
L. W. Chubb, East Pittsburgh, Pa.; A. B. 
Cooper, Toronto, Ont.; A. E. Knowlton, 
New York, N. Y.; Everett S. Lee, Schenec- 
tady, N. Y.; L. W. W. Morrow, New York, 
N. Y.; A. C. Stevens, Schenectady, N. Y.; 
and H. R. Woodrow, Brooklyn, N. Y. 
National treasurer—W. I. Slichter, New 
York, N. Y. National secretary—H. H. 
Henline, New York, N. Y. 

The board adopted a resolution in mem- 
ory of past-president William S. Lee, who 
died on March 24, 1934. (The resolution 
appears elsewhere in this issue.) 

The annual report of the president of 
United Engineering Trustees, Inc., was 
presented in person by Harold V. Coes, 
president, U.E.T. 

Minutes were approved of a meeting of 
the board of directors held January 22, 
1934, and of the executive committee held 
March 9, 1934. 

Reports of meetings of the board of ex- 
aminers held April 11 and May 23, 1934, 
were presented and approved. Upon the 
recommendation of the board of examiners, 
the following actions were taken: 2 appli- 
cants were transferred to the grade of 
Fellow; 6 applicants were elected and 13 
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were transferred to the grade of Member; 
200 applicants were elected and 1 was rein- 
stated to the grade of Associate; 242 Stu- 
dents were enrolled. 


Future AIEE Meetings 


Pacific Coast Convention, 
Salt Lake City, Utah, Sept. 3-7, 1934 


Winter Convention, 
New York, N. Y., Jan. 22-25, 1935 


South West District Meeting, 
Oklahoma City, Okla., Apr. 26-28, 
1935 


Summer Convention, 
Ithaca, N. Y., June 24-28, 1935 


Pacific Coast Convention, 
Los Angeles vicinity, Fall 1935 


Great Lakes District Meeting, 
Indianapolis—Lafayette Section terri- 
tory (Date to be determined) 


The finance committee reported disburse- 
ments as follows: March, $15,118.38; 
April, $20,510.97; May, $21,439.72. Re- 
port approved. 

The national secretary reported 1,842 
members in arrears for dues for the fiscal 
year which ended April 30, 1934. It was 
voted to transfer the names of these mem- 
bers to a “‘suspended”’ list after the distri- 
bution of the June and July issues of ELEc- 
TRICAL ENGINEERING, and to extend the 
time for the payment of the dues in arrears 
until further action by the board. 

President Whitehead reported on his 
visits to various Sections of the Institute. 

Sec. 58 of the By-Laws was canceled, 
thus eliminating the provision for sub- 
scription to ELECTRICAL ENGINEERING at 
the reduced rate of $3 per year by students 
who are not enrolled in the Institute. As 
the changes in the Institute’s publication 
plan have nearly doubled the amount of 
technical material previously supplied in 
ELECTRICAL ENGINEERING, the expense 
involved seemed to make it undesirable to 
continue to supply the publication at $3 
per year to students not enrolled in the In- 
stitute, and since the recent adoption of 
amendments to the By-laws extending the 
privileges of enrollment to students in 
evening courses, there seemed to be less 
need for the provision of Sec. 58. 

Upon the recommendation of the com- 
mittee on codrdination of Institute activi- 
ties, the following schedule of meetings for 
1935 was adopted: 


Winter convention, New York, January 22-25, with 
sessions on Tuesday, Wednesday, and Thursday, 
and inspection trips only on Friday. 

Summer convention, Cornell University, Ithaca, 

N. Y., June 24-28. 

Pacific Coast convention, Los Angeles vicinity, in 

the fall, exact location and dates to be determined 

later. 

District meetings: 

(1) Great Lakes District (No. 5), Indianapolis— 
Lafayette Section territory, location and dates 
to be determined later. 

(2) South West District (No. 7), Oklahoma City, 
Okla., April 26—28. 
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Upon request of the Birmingham Section, 
the board authorized a change in its name 
to ‘‘Alabama Section’? and the extension 
of its territory to include the entire state 
of Alabama. 

Upon request of the New Orleans Sec- 
tion, its territory was increased by the addi- 
tion of the part of the state of Mississippi 
south of the northern boundaries of the fol- 
lowing counties: Issaouena, Sharkey, Yazoo, 
Madison, Leake, Neshoba, and Kemper. 

The annual report of the board of direc- 
tors to the membership for the fiscal year 
which ended April 30, 1934, as prepared 
by the national secretary, was approved 
for presentation at the annual meeting of 
the Institute on June 25, 1934. 

The annual report of the national treas- 
urer was presented and accepted. 

Annual reports of the general standing 
committees (exclusive of the technical com- 
mittees), abstracts of which were incorpo- 
rated in the annual report of the board of 
directors, were received. 

The report of the committee on award of 
Institute prizes of the awards of national 
prizes for papers presented during 1933 was 
presented and accepted. (The report was 
published in the June 1934 issue of ELEc- 
TRICAL ENGINEERING, p. 1026.) 

The appointment of a national secretary 
for the administrative year beginning Au- 
gust 1, 1984, was made in accordance with 


An Address On 


Sec. 87 of the Constitution. National 
secretary H. H. Henline was reappointed. 

Bancroft Gherardi was appointed a repre- 
sentative of the Institute upon the John 
Fritz Medal board of award, to fill the un- 
expired term, ending in October 1934, of 
W.S. Lee, deceased. 

Report was made of an invitation to the 
Institute to be represented at the National 
Conference on Street and Highway Safety, 
Washington, May 23-25, and of the desig- 
nation by President Whitehead of F. M. 
Feiker as the Institute’s representative at 
this conference. 

An invitation from the Institution of 
Engineers, Australia, to the officers and 
members of the Institute to take part in 
the proceedings of an engineering congress 
to be held in Melbourne, Australia, March 
11-16, 1935, in connection with the pro- 
posed celebrations of Melbourne’s Cen- 
tenary, 1934-1935, was accepted, and the 
president was authorized to appoint the 
Institute’s representatives. 

The following resolution was adopted: 
RESOLVED: That the board of directors expresses 
its appreciation of the excellent work of the fiftieth 
anniversary committee and the publication com- 
mittee in commemorating the fiftieth anniversary 
of the Institute. 

Other subjects were discussed, reference 
to which may be found in this or future 
issues of ELECTRICAL ENGINEERING. 


“Human Engineering Problems” 


Ax ADDRESS on ‘‘Human Engineer- 
ing Problems’’ was prepared by Dr. Michael 
I. Pupin (A’90, F’15, HM’28, member for 
life, and past-president) to be delivered on 
April 26, 1934, at a general meeting of the 
Institute’s New York Section, in the audi- 
torium of the Engineering Societies Build- 
ing, New York. Doctor Pupin’s talk was 
scheduled as an important part of this 
meeting, which was also a commemoration 
by the New York Section, of the 50th anni- 
versary of the founding of the Institute. 

This address, which in the absence of 
Doctor Pupin was read by Dean J. W. 
Barker (M’26, F’30) elicited much favorable 
comment. The text of Doctor Pupin’s 
address is presented herewith: 

“T wish to call your attention this eve- 
ning to some of the engineering problems 
which are seldom discussed at the meetings 
of the engineering societies. I call them 
the ‘Human Engineering Problems,’ in 
order to distinguish them from the technical 
engineering problems. When I was a col- 
lege student engineering education was 
devoted exclusively to the training of young 
engineers in the art of solving purely tech- 
nical engineering problems. Their training 
in the art of solving human engineering 
problems was unknown. You are un- 
doubtedly puzzled by this title: ‘Human 
Engineering Problems.’ Permit me _ to 
explain its meaning by an illustration: 

“Sixty years ago when my immigrant 
ship landed me in New York, I took a walk 
on lower Broadway and saw what looked to 


me like a cobweb of wires stretching across 
the housetops of Broadway. I wondered 
what it meant. I was told that these wires 
carried electrical signals between New York 
and the various places in the United States. 
My untutored mind could not quite grasp 
what that meant and I made many efforts 
to unravel the mysteries of electrical signal- 
ing. That was the beginning of my interest 
in electrical communications. Two years 
later, that is in 1876, I saw the first tele- 
phone exhibited at the Centennial Exposi- 
tion in Philadelphia. Its performance 
looked to me like a miracle. A month or so 
later I was told by ascoffer that it was a silly 
toy only. But ina little over half a century 
this toy has given us a gigantic industry 
which is the result of the creative work of 
the American engineer. Since 1876, when 
Bell first exhibited his great invention, the 
telephone industry has grown from what the 
scoffer considered a silly toy, to an industry 
capitalized at 5 billion dollars. It has 
been absorbing about 100 million dollars 
annually during the last 50 years, and one 
would be inclined to expect that so rapid a 
growth would be a mushroom growth. 

“But listen to what I once heard the ex- 
perts say about it. Twenty years ago a 
commission of 12 German engineers came 
over, in order to study our industrial or- 
ganization. At the start of their return 
trip to Germany I met them here in New 
York and heard them speak as follows: 
‘Your American industries are not better 
organized than our German industries, 
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and we did not have much to learn. Your 
telephone industry, however, is a great 
exception. Nothing in Germany can ap- 
proach the wonderful organization of your 
telephone industry.’ This confession of the 
Germans thrilled me, and I said, jokingly: 
‘Your Kaiser said on a certain occasion 
that there are only 2 great organizations in 
the world. The first is the German army, 
and the second is the Roman Catholic 
Church. Tell him when you return, that 
the first is the American Telephone indus- 
try and nobody cares which is second.’ The 
Germans saw the joke and said: ‘We shall 
do so if we have a chance. But remember 
that at German Court receptions there are 
no engineers. Politicians and soldiers are 
the ornaments of the German Court; 
the engineers are never seen there, not even 
in the back seats.’ We hope that Ameri- 
can engineers stand higher in the social 
scale. 

“T wonder what these German engineers 
will say when they hear that the great 
American Telephone industry which thrilled 
them so much is being investigated by a 
Federal commission consisting of politicians 
and that the chairman of this commission in 
his latest report asks the following ques- 
tions: 


‘How much more should it cost to place a long 
distance call from Washington to San Francisco 
than from Washington to Baltimore?’ 

sac taesoksiy CaS If 20 cents be a reasonable charge for 
such service from Washington to Baltimore, may 
it not be possible to place a call with any exchange 
in any American city at approximately the same 
cost?’ 


“No question ever asked displayed a more 
lamentable lack of expert knowledge, and 
it was framed by the chairman of the Federal 
investigating commission. A Federal in- 
vestigating commission consisting of poli- 
ticians who are totally ignorant of the tech- 
nical arts which they are expected to investi- 
gate will certainly bring discredit upon 
American science and engineering. To pre- 
vent the appointment of such commissions 
is one of the human engineering problems of 
our profession. 

“Just one more illustration. When 60 
years ago my immigrant ship entered New 
York harbor my untutored peasant mind 
was bewildered by the sight of this great 
metropolis. Today, my mind, although 
incomparably more experienced than on that 
memorable day, is even more bewildered 
when I contemplate the great changes 
which American engineering has created 
in this marvelous town. The picture of 
New York of 60 years ago looks like a pic- 
ture of a little village when put alongside of 
the picture of New York of today. Just 
think of its sky-high steel palaces served by 
speedy electrical elevators, by incandescent 
lighting, and by telephones which connect 
them with every point of the terrestrial 
globe; think of the many bridges, subways 
and tunnels which have transformed the 
modest Manhattan Island into greater 
New York, the greatest population center 
in the world; just think of the hundreds of 
millions of dollars which flow annually 
into the City treasury for the support of its 
complex administration; just think of 
all these things which were not even 
dreamed of 60 years ago and you will see 
clearly the great achievements of American 
engineering which is represented by the 
awe inspiring structure called Greater New 
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York. No other civic center ever offered 
to man a greater opportunity for an adminis- 
tration of splendid engineering efficiency. 
And yet this wonderful home of organized 
American engineering is on the verge of 
bankruptcy. Engineers look on helplessly 
at the destructive work of the greedy poli- 
ticians, but as a civic body they do nothing 
to stop the barbarous abuse of political 
power. It is indeed one of the greatest 
missions of our profession to gain for the 
engineer a greater share in the administra- 
tion of the American cities which owe their 
existence to his creative work. But our 
profession cannot perform that mission 
unless it is trained in the art of solving 
human engineering problems.” 


Illuminating Engineering Society Meeting. 
The 28th annual meeting of the Illuminating 
Engineering Society is to be held in Balti- 
more, Md., Oct. 1-4, 1934. The conven- 
tion this year offers the following outstand- 
ing features: The 10th lighting service 


conference—a vigorous, forceful meeting; 
the lighting equipment exposition—greatly 
expanded—a real feature; the technical and 
business sessions—covering a wide range 
of interests; and social events and inspec- 
tion trips of unusual character. The many 
interesting things that have happened in the 
lighting industry and in I. E. S. circles dur- 
ing the past year will be reviewed at this 
convention. 


American Transit Association to Meet. 
The 58rd annual convention of the American 
Transit Association will take place in the 
New Exhibition Hall of the Cleveland Public 
Auditorium, Cleveland, Ohio, Sept. 24-28, 
1934. In connection with this convention, 
the operating and manufacturing members 
of the association will hold an exhibition of 
equipment, appliances, and manufactured 
articles of interest to executive and operat- 
ing officials of the urban and interurban 
transportation companies. 


In THE death, on March 24, 1934, of 
William States Lee, the American Institute 
of Electrical Engineers lost its forty-third 
president and one of its most energetic 
and influential leaders. 

Beginning his practical engineering 
career in 1897, after a brief period as 
instructor at the Citadel, from which he 
had been graduated 
in 1894, he rose 
rapidly from the 
positions of resident 
engineer of the An- 
derson (S. C.) Light 


and Power Company 


and the Columbus 
(Ga.) Power Com- 
pany to become 


chief engineer of the 
latter in 1902, and 
vice - president and 
chief engineer of the 
Catawba Power 
Company, Charlotte, 
N. C., in 1903. In 
succeeding years, he 
served several power 
companies as vice- 
president, chief engineer, and director, 
the W. S. Lee} Engineering Corporation 
as president, and the Piedmont and 
Northern Railway Company as president 
and chief engineer. He attained an 
enviable reputation as an executive in 
charge of many large power develop- 
ment and construction projects. 
Throughout his career, his ability as 
an engineer, his keen perception of the 
controlling factors in any situation en- 
countered, and his constant attention to 
the human values involved made him an 
outstandingly effective and a_ highly 
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WILLIAM STATES LEE 


respected leader of men. His genial 
personality and wide range of informe- 
tion won him a multitude of friends. 

Mr. Lee joined the Institute in 1904, 
and generously gave his time and energy 
to its activities in various capacities: as 
director 1911-14, and 1929-30, and 
president 1930-31; as member of a 
considerable number 
of committees, and as 
a representative of 
the Institute upon 
several joint organi- 
zations. He stood 
firmly at all times for 
the highest ideals of 
the Institute and 
ranked among its 
foremost leaders. As 
president of the 
American Engineer- 
ing Council, during 
the years 1932 and 
1933, he worked 
intensively and en- 
thusiastically to make 
the engineering pro- 
fession as helpful as 
possible in all problems involving engi- 
neering and affecting the public welfare. 

RESOLVED: That the board of direc- 
tors of the American Institute of Electrical 
Engineers hereby expresses, upon behalf 
of the membership, its deepest regret at 
the death of Mr. Lee and its sense of 
great loss sustained by the Institute and 
by the entire engineering profession, and 
be it further 

RESOLVED: That these resolutions 
be entered in the minutes and copies be 
transmitted to members of his family. 

—A.|.E.E+ Board of Directors, May 25, 1934 
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Student Conference Held 


by North Central District 


Tue SEVENTH annual conference of 
student Branches of the A.I.E.E. in the 
North Central District (No. 6) was held 
at the South Dakota State School of Mines, 
Rapid City, S. Dak., April 13-14, 1934. 
This conference was a very successful one 
as indicated by both the number in attend- 
ance and the lively interest taken in all the 
sessions. It was a continuation of suc- 
cessful student conferences which have been 
held by this District. 


ATTENDANCE 


In attendance at the conference were 2 
District officers: R. B. Bonney, vice presi- 
dent, District No. 6; and W. G. Rubel, 
secretary, District No. 6. Nine counselor- 
delegates were present, as were 9 chairmen 
of student Branches. In addition, 79 others 
were registered, bringing the total attend- 
ance to 99. The counselor-delegates pres- 
ent were: 


J. O. Kammerman S. Dak. State School of Mines 


R. E. Nyswander University of Denver 

F. W. Norris University of Nebraska 

H. S. Rush N. Dak. Agricultural College 
H. F. Rice University of North Dakota 
W.C. DuVall University of Colorado 

C. W. Caldwell University of South Dakota 
G. H. Sechrist University of Wyoming 

W. H. Gamble S. Dak. State College 


The chairmen of student Branches who 
also were present as delegates were: 


S. Dak. School of Mines 
University of Denver 
University of Nebraska 

N. Dak. Agricultural College 
University of N. Dak. 
University of Colorado 
University of S. Dak. 
University of Wyoming 

S. Dak. State College 


G. I. Welch 

G. E. Bronson 
Walker Cordner 
Kenneth Brandby 
Orville T. Mundt 
Newell Parker 
Roy Sletvold 
George Gilleard 
George Carefoot 


Fripay AFTERNOON SESSION 


The opening session, Friday afternoon, 
was called to order by Prof. J. O. Kammer- 
man, chairman of the District committee 
on student activities, who introduced Dr. 
C. C. O’Hara, president of the South Dakota 
State School of Mines. Following a brief 
speech of welcome, R. B. Bonney took 
charge of the conference. In addition to 
the following schedule of papers and dis- 
cussions which were presented, a number 
of lively discussions took place: 


Wuat Lies AHEAD FOR THE ENGINEERING GRADU- 
ATE OF Topay? Prof. F. W. Norris, University of 
Nebraska. 


Discussion, O. T. Mundt, chairman, University of 
North Dakota Branch. 


SHOULD ENGINEERS ENTER THE POLITICAL FIELD? 
Prof. W. H. Gamble, South Dakota State College. 


Discussion, K. Brandby, chairman, North Dakota 
Agricultural College Branch. 


How Can INTEREST IN THE STUDENT BRANCHES 
Br STIMULATED? Prof. H. F. Rice, University of 
North Dakota. 


Discussion, Prof. C. W. Caldwell, University of 
South Dakota; George Gilleard, chairman, Uni- 
versity of Wyoming. 


NEw PROBLEMS CONFRONTING STUDENT BRANCHES, 
Dr. R. E. Nyswander, Denver University. 


Discussion, G. E. Brunson, chairman, University 
of Denver. 
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BANQUET HELD 


The delegates to the conference and some 
75 others were entertained at a banquet 
and program arranged by the student 
Branch of the South Dakota School of 
Mines and held in the ballroom of the Alex 
Johnson Hotel in Rapid City. G.I. Welch 
was toastmaster. The program follows: 


DEVELOPMENTS IN COMMUNICATIONS, T. L. Frank, 
head of department, building and equipment, 
Northwestern Bell Telephone Company, Omaha, 
Neb. 


Motion Pictures, George Low, State School of 
Mines. 


INTRODUCTION OF GuEstTs, Prof. J.O. Kammerman, 
State School of Mines. 


THe District STUDENT CONFERENCE, R. B. 
Bonney, vice president, District No. 6, A.I.E.E. 


APPRECIATION, Dr. C. C. O’Hara, president, State 
School of Mines. 


Before the second session of the confer- 
ence on Saturday, a number of the delegates 
and guests enjoyed an early morning ride 
to the Rushmore Memorial, about 30 miles 
from Rapid City, where the face of George 
Washington has been carved in the solid 
granite of Mt. Rushmore, by the famous 
scupltor, Gutzen Borglum. 


SATURDAY MORNING SESSION 


The Saturday morning session was called 
to order by R. B. Bonney, and the following 
papers and discussions were presented: 


Gotp MINING IN THE BuLacKk Hits, Dr. J. P- 
Connolly, vice president, State School of Mines. 


REPORT ON ANNUAL CONVENTION OF A.I.E.E. aT 
Curcaco, Prof. J. O. Kammerman, State School of 
Mines. 


Wuat Can BRANCHES Do TO PROMOTE INSTITUTE 
MemsBersuipP? Prof. G. H. Sechrist, University of 
Wyoming. 

Discussion, N. Parker, chairman, University of 
Colorado Branch. 


THE ENGINEERING COUNCIL FOR PROFESSIONAL 
DEVELOPMENT, Prof. W. C. DuVall, University of 
Colorado. 


Discussion, G. Carefoot, chairman, South Dakota 
State College Branch. 


How Far SHOULD ENGINEERING SCHOOLS Br HELD 
RESPONSIBLE FOR FINDING EMPLOYMENT FOR 
GrapuaTes? Prof. H. S. Rush, North Dakota 
Agricultural College. 


Discussion, W. M. Cordney, chairman, University 
of Nebraska. 


Following this program, a resolution was 
unanimously adopted by the conference, 
congratulating the South Dakota School of 
Mines Branch upon its efficient manage- 
ment of the conference, and thanking 
Doctor O’Hara and Professor Kammerman 
for their hospitality. 


COUNSELORS’ MEETING 


Immediately following the Saturday 
morning session, a brief meeting of the 
student counselors was held. This was 
called to order by Professor Kammerman 
who stressed the desirability of rotating the 
meeting place of the student’s conference. 


On the invitation of Professor Rush, the 
North Dakota Agricultural College, at 
Fargo, was selected for the 1935 conference. 
Professor Rush also was elected chairman 
of the District committee on student activi- 
ties for the ensuing year, and was selected 
automatically as delegate to the Institute’s 
1934 summer convention. 

The selection of student counselors was 
discussed, and the counselors were requested 
by the secretary to begin the consideration 
as early as possible of papers to be sub- 
mitted during 1934 for the District prize. 


Five-Year Course Added at M. I. T. A 
new departure in technological training to 
meet a growing demand for engineers with 
a thorough understanding of the social and 
economic implications of their profession 
was announced recently by Kari T. 
Compton (F’31) president of Massachu- 
setts Institute of Technology, Cambridge, 
in a statement that this institution will 
offer a new 5-year course which will include 
advanced studies in the social sciences and 
economics. The new course, which in no 
way affects the regular 4-year courses in 
science and engineering at M. I. T., will be 
offered next Autumn in nearly all the pro- 
fessional fields of the curriculum. 


Boulder Dam Power Transformers. Among 
the equipment recently placed on order by 
the federal government for Boulder Dam, 
Colo., are 11 power transformers, 7 of which 
are rated at 55,000 kva at 287,000 volts, 
and to be manufactured at the Pittsfield, 
Mass., works of the General Electric Com- 
pany. Shipment of the transformers, val- 
ued at about $1,000,000, is scheduled in 
about a year. The larger transformers will 
be water cooled, will weigh over 200 tons 
each, and will be approximately 32 ft high, 
20 ft wide, and 13 ft deep. The 4 smaller 
ones will be rated 13,333 kva at 138,000 
volts, and will be forced-oil cooled. 


Work Begins on Fort Peck Dam. Several 
hundred men are already engaged in the 
first stages of the work of building the Fort 
Peck Dam, the gigantic federal project on 
the Missouri River in Montana. This dam 
will be the largest earth filled barrier ever 
built, and will create a reservoir 175 miles 
long, and will cost some $72,000,000. 
Total length of the dam, including wings, 
will be nearly 4 miles. The dam will be 
230 ft high, 100 ft wide at the top, and 
2,658 ft thick at its base. Its purpose is to 
provide a 9-ft channel in the Missouri 
River throughout the year, aid in flood 
control, provide unemployment relief, and 
provide a site for power development. It 
is estimated that 4 years will be required 
for construction. A contract amounting 
to more than $500,000 has been awarded 
the Westinghouse Electric and Manufac- 
turing Company for electrical substation 
equipment including high voltage switching 
equipment, 4 16,667-kva transformers, 2 
20,000-kva synchronous condensers, and 
other equipment. Four pipe line dredges 
will utilize much of the power of the sub- 
station. 
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Letters to the Edizor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or 
other subjects of some general interest and pro- 
fessional importance. ELECTRICAL ENGINEERING 
will endeavor to publish as many letters as possible, 
but of necessity reserves the right to publish them 
in whole or in part, or to reject them entirely. 


STATEMENTS in these letters are expressly un- 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recog- 
nition by the American Institute of Electrical 
Engineers. 


History of Thomson- 
Houston Company Name 


To the Editor: 


‘‘We have been reading with considerable 
interest the Jubilee Number of the official 
monthly journal and transactions of the 
A.I.E.E., dated May 1934. In the bio- 
graphical section we were particularly in- 
terested in the notes regarding Professors 
Elihu Thomson and E. J. Houston. 

“You are probably aware that the 
Thomson-Houston Company referred to 
therein, founded in Philadelphia in 1879, 
became a world wide organization; but in 
most countries the name has since been 
changed, and we believe we are right in 
saying that our company is the only one 
remaining which still bears the names of 
these 2 distinguished scientists.” 

Very truly yours, 
H. A. PRicE-HUGHES 
(The British Thomson-Houston 
Co., Ltd., Rugby, England) 


Cable Failure and 


Dielectric Deterioration 


To the Editor: 


In his paper ‘‘Accelerated Aging Tests on 
High-Voltage Cable,’’ appearing in ELEc- 
TRICAL ENGINEERING for June 1933, p. 
371-7, D. W. Roper discusses the factors by 
which the quality of cables, as related to 
their life under service conditions, may be 
judged. He finds the primary criterion by 
which cables may be so judged to be the 
stability of the insulation during accelerated 
aging tests. That is, there should be no 
significant increase in power factor at maxi- 
mum and minimum temperatures and no 
significant increase in ionization factor at 
room temperature (See conclusion XI, p. 
876). These conclusions are in very close 
agreement with results obtained from 
accelerated life tests of cables conducted 
at the Harvard Engineering School. 

This work was performed under the then 
Joint Cable Research Committee of the 
N.E.L.A., A.I.E.E., and A.E.1.C., of which 
Mr. Roper was chairman. Ten different 
samples in duplicate lengths from 6 different 
manufacturers were available for the ac- 
celerated life tests. Space permits the 
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presentation of only a small proportion of 
the total results obtained. All cables were 
impregnated paper with °/s. in. (4.76 mm) 
wall. Nos. 18 and 197 were 300,000 cir-mil 
copper; Nos. 23, 25, and 25T were 600,000 
cir-mil copper. Nos. 25 and 25T were the 
duplicate lengths from one manufacturer. 
The samples were prepared so that the test 
length of sheath was 10 ft (8.05 m); 
some cases it was necessary to reduce this 
because of failures in the sheath cuts which 
are necessary to give the end guards and 
shielding. In 2 important respects, our 
methods of testing were disadvantageous in 
comparison with Mr. Roper’s. Our sam- 
ples of 10 ft (3.05 m) and less are not nearly 
so representative as the 25 ft (7.6 m), 
50 ft (15.2 m) and 1,000 ft (8305 m) samples 
tested by him; we had no opportunity to 
correlate our tests with service conditions. 
On the other hand, it was possible for us 
to make complete electrical measurements 
at several voltages almost daily, so that 
electrical changes in the dielectric were 
followed closely. Also, the losses were 
separated into the solid-dielectric power 
and the ionization power (‘‘Ionization 
Studies in Paper-Insulated Cables, II,’’ by 
C. L. Dawes, H. H. Reichard, and P. H. 
Humphries. Trans. A.I.E.E., v. 48, 1929, 
p. 382-95). 

The entire 10 samples were first submitted 
to accelerated life tests, at room temperature 
only, at 42.5 kv, corresponding to an average 
gradient in the dielectric of approximately 
225 volts per mil. Mr. Roper, under 
“Dielectric Power Loss,’’ states that initial 
power factor tests on insulation made at 
the factory indicate no significant differ- 
ences that can be correlated with the rate 
of deterioration. We found this essentially 
true. However, it appeared that those 
cables that had initially little or no ioniza- 
tion loss, or which reached this condition 
within a few hours, as a rule showed the 
longer lives. For example, in Fig. 1 the 
ionization power is plotted as a function 
of the life in hours. Cable 18 showed no 
ionization loss until after 150 hr, and its 
life of 785 hr by far exceeded those of the 
cables showing initially or subsequently 
substantial ionization loss. 

The tests made at room temperature 
showed that failure might be preceded by 
an increase in solid dielectric power, and 
more frequently by an increase in ionization 
power. This effect is illustrated in Fig. 1 
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which shows 3 typical ionization-power 
characteristics. Cable 18 showed no ioniza- 
tion power until after-150 hr; from 150 
to 525 hr, the ionization power was very 
small; between 525 and 785 hr it increased 
in varying amounts, from 2 to 8 times its 
earlier values and then failed. Cables 23 
and 25 had initial ionization factors of 0.48 
per cent and 0.15 per cent. For some hours 
they both showed marked diminution in 
ionization power, and then rapid increase 
to failure. 

Duplicate samples of these cables which 
had diverse initial characteristics were 
selected for accelerated life tests during 
which the temperature and the applied 
potential underwent weekly cyclic changes. 
The potential was varied from zero to 
225 volts per mil, and the temperature from 
room temperature (about 20 deg C) to 60 
deg C. Frequent measurements were made 
regularly at various temperatures during 
the cyclic changes, and also at various 
potential gradients. Although we were not 
able to classify our cables into low and high 
grades as does Mr. Roper, we found, as he 
did, large increase in dielectric loss some- 
times varying over a wide range during the 
tests. This is illustrated by cable 25T in 
Fig. 2, which shows solid-dielectric loss per 
foot at 60 deg C as a function of time. 
We did find, however, with all the cables 
that survived the first few hours, a progres- 
sive increase in the solid-dielectric loss at 
all temperatures. The characteristic for 
cable 25T is given not only as an example 
of widely fluctuating losses, but also as an 
example of progressively increasing solid- 
dielectric loss. Cable 19T apparently was 
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of high grade. It showed an initial ioniza- 
tion factor of 0.06 per cent, but a study of 
the ionization-power characteristic of Fig. 2 
shows that this must have diminished up to 
600 hr. However, this cable after 300 hr 
showed a progressively increasing solid di- 
electric loss up to the end of its life at 
1,315 hr. The rate of increase of both the 
solid-dielectric loss and the ionization power 
increased as the cable approached the end 
of its life. All cables subjected to the cyclic 
temperature and voltage tests showed a 
progressive solid-dielectric power loss with 
time, whereas as a rule the increase in 
ionization power was not significant. 

Mr. Roper mentions the rapid increase in 
local heating preceding failure. One of our 
cables failed while measurements were being 
made. The thermocouples on the sheath 
suddenly showed a rapid rise in temperature 
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which reached several degrees above the 
ambient temperature, and then failure 
occurred. The sheath was excessively hot 
over its entire length. 

Mr. Roper mentions the recuperative 
properties of the insulation. This is illus- 
trated in Fig. 2 for both cables, when failures 
in a sheath cut interrupted the life test of 
each cable for some hours. 

It is interesting to learn that through 
exhaustive electrical tests it has become 
possible to predetermine whether or not 
cables can be expected to give satisfactory 
service performance; however, as Mr. 
Roper states, it is not yet possible to detect 
local defects before ultimate failure. 


Very truly yours, 


C. L. Dawes (A’12, M’15) 
(Harvard University, 
Cambridge, Mass.) 

P. H. Humpurises (A’26) 

_ (Tulane University, 
New Orleans, La.) 


Rocking Indirect Arc 
Electric Furnaces 


To the Editor: 


In the January 1934 issue of ELECTRICAL 
ENGINEERING, p. 132-8, is a very interesting 
article entitled ‘‘Rocking Indirect Arc 
Electric Furnaces” by E. L. Crosby. In 
reading this article several inaccuracies are 
apparent and we are taking the liberty of 
pointing these out. Our criticisms are as 
follows: 


DEOXIDIZING 
ATMOSPHERE 


Under the heading ‘‘Deoxidizing Atmos- 
phere’”’ the statement is made that: 


“in melting of nonferrous alloys such as brass or 
bronze, the indirect arc furnace ordinarily shows a 
net metallic loss in actual melting operation of only 
10 to 25 per cent of the losses involved in the 
operation of fuel fired furnaces, which they have 
supplanted.”’ 


As the prospectus sheets of the Detroit 
Are Furnace Company give metal losses 
as from 1 to 2 per cent on brass, the im- 
plication is that crucible furnaces show 
losses of from 4 to 20 per cent. This is 
certainly not the case and is quite a harm- 
ful exaggeration. Metal losses in crucible 
furnaces as taken from the article in Metal 
Industry (May, June, and July issues, 1933) 
which is an average cross section of a large 
amount of data on the subject, shows the 
true figure as being from 1 to 2.5 per cent, 
with extreme cases of 4 per cent for very 
high zinc brasses. 

Under the same heading the statement is 
made: 


“air may be introduced into this type of furnace 
under precise control, a feature that has been found 
valuable to many users.” 


It is not stated that when it has attempted 
to eliminate or reduce the objectionable 
carbon monoxide atmosphere with this 
expedient, electrode consumption may run 
as high as 12 to 15 lb per ton of metal 
melted, this adding materially to the melt- 
ing cost. 
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RockInc ACTION 


Under the heading “Rocking Action” 
the statement is made: 


“Gt will be recognized immediately that this re- 
action (rocking) must effect improved thermal 
efficiency since it involves the transmission of re- 
fractory heat to the metal charge instead of through 
the refractory to be lost to the surrounding atmos- 
phere. This insures lower power consumption.” 


It is true that such a rocking action pro- 
duces a more efficient heat transfer, but to 
the reader it might wrongly imply sufficient 
efficiency to eclipse all other forms of melt- 
ing—example figures in this regards may 
prove interesting: 


At a consumption of 300 kwhr per ton of red brass 
the thermal input is 1,024,000 Btu as against 
4,300,000 Btu to melt a ton of red brass with oil; 
however, with oil at 5 cents per gallon and electri- 
cal energy at 2 cents per kwhr the thermal cost per 
ton of metal melted for the oil fired crucible furnace 
is $1.50 versus $6.00 for the power for indirect arc 
furnaces. 


From a metal qualitative standpoint, 
much objection may be raised to the 
generation of all the heat for melting from 
an arc as all the heat is liberated in a very 
constricted space at a temperature of plus 
or minus 6,000 deg F. This is not par- 
ticularly harmful in the case of melting 
ferrous metals, but in the case of brasses 
and bronzes containing large percentages 
of low-boiling-point metals, a decided 
“burnt’’ condition may develop, which will 
result in a metal quality decidedly inferior 
for many types of foundry work. 


UTILIZATION 


Under the heading of ‘‘Utilization”’ it is 
pointed out that this type of furnace enjoys 
very wide usage, which is quite true, but it 
is a fact that a large number of these fur- 
naces have been abandoned in the brass 
and bronze field as per reasons given above. 
Valuable utilization information might be 
given your readers by pointing out that 
articles published in trade journals by the 
makers of this furnace acknowledge that 
melting costs for red and yellow brass run 
over $17 per ton, whereas crucible melting 
costs seldom exceed $10 per ton, and 
average under $8. 

We again wish to point out that the article 
we are criticizing can be of considerable 
value to the electric power salesmen only if 
it does not try to encompass too many 
possibilities, and it is in the spirit of at- 
tempting to assist the future possibilities 
of electric power, as well as ourselves, that 
we place this information in the form of a 
criticism before you. 

Very truly yours, 
Ken BUCK 
(Chairman, Technical Service 


Committee, Plumbago Crucible 
Assn., Philadelphia, Pa.) 


To the Editor: 


This letter is in reply to that by Mr. Buck 
of the Ross-Tacony Crucible Company 
representing the Plumbago Crucible Asso- 
ciation, which was a criticism of the article 
by E. L. Crosby, on ‘‘Rocking Indirect Arc 
Electric Furnaces” appearing in the January 
1934 issue of ELECTRICAL ENGINEERING. 
Mr. Crosby was fatally injured in an auto- 


mobile accident near Ludlow, Mass., on 
May 5, and it becomes my duty to answer 
the criticisms brought forth in this letter. 

In presenting our answer we should like 
to do so with the utmost candor and 
friendliness but at the same time we wish 
to point out that many of Mr. Buck’s 
statements are so far from accurate that 
our answer must necessarily be firm. 


METAL LOSSES 


Mr. Crosby’s statement regarding metal 
losses was substantially correct as can be 
borne out by ample data available on com- 
parative tests. The net metal losses when 
melting brass mixtures in Detroit Furnaces 
range from 0.25 per cent to 1 per cent de- 
pending upon composition, while the losses 
run from 2 per cent to 7 per cent in fuel 
fired furnaces depending upon furnace types 
and metal composition. We have demon- 
strated many times, the ability of this fur- 
nace to melt red brass in regular production 
with a net metallic loss of less than 0.5 per 
cent. We have scores of reports on com- 
prehensive tests, made by many of our 
customers, showing from 0.25 per cent to 
0.40 per cent metal loss. This fact has 
been thoroughly established over the past 
15 years to the point that Mr. Crosby’s 
statement is thoroughly justified. 


DEOXIDIZING ATMOSPHERE 


Mr. Buck makes the erroneous assump- 
tion that the carbon monoxide atmosphere 
is objectionable for brass melting and that 
this is the reason for using air in the furnace 
at times. Many of the most competent 
brass foundry metallurgists would take 
hearty issue with Mr. Buck on this point. 
Furthermore, Mr. Crosby referred to the’ 
multiple uses of rocking electric furnaces in 
melting brass, bronze, cast iron, alloy steels, 
special alloys, and special chemical applica- 
tions. In some cases it is desirable to 
introduce air for specific purposes and this 
can readily be accomplished in this furnace. ' 
Mr. Buck is further in error when he infers 
an electrode consumption of 12 to 15 lb 
per ton of brass melted. The use of air 
does increase the normal electrode consump- 
tion a definite amount depending upon the 
control established; but the highest figure 
that has come to our attention has been 
approximately half that mentioned by 
Mr. Buck. This was on a small furnace; 
on larger units the figure is still lower. 

For Mr. Buck’s information the condi- 
tions under which air is used in the furnace 
embody requirements which could not be 
met in crucible melting without a similar 
oxidizing treatment and we fail to see how, 
for the many specific applications we have 
in mind, this could be accomplished satis- 
factorily melting a stationary bath of 
metal in a crucible. 


RoOcKING ACTION 


I am unable clearly to follow Mr. Buck’s 
line of reasoning in: this regard. Mr. 
Crosby said exactly what he meant and he 
was correct in his statement. He intended 
making no hidden implications. 

As to Mr. Buck’s heat comparison on a 
British thermal unit basis, we fail to see the 
significance of this comparison. Looking 
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standardization of nomenclature. 


into his cost figures we find that he has 
quoted exceedingly low fuel cost figures— 
30 gallons of oil per ton of metal—approxi- 
mately half the fuel consumption of many 
concerns with whom we are acquainted. 
On the other hand, the power cost quoted 
is somewhat high. Many concerns average 
substantially less than 300 kwhr per ton 
and less than the 2 cent figure quoted. 
This rate in Detroit, for example, is 1.2 
cents per kilowatthour. 

In objecting to the method of heat genera- 
tion in the are furnace, Mr. Buck overlooks 
the very basic design of the furnace, i. e., 
that the furnace is automatically rocked 
thus stirring the metal, effecting rapid and 
uniform heat distribution through the bath 
and thus avoiding the condition which he 
cites. In short, we feel that Mr. Buck was 
thinking back some years in terms of the 
Stassano or Rennerfelt or other stationary 
are furnaces. Certainly there have been 
too many millions of pounds of metal 
melted in more than 400 installations of 
Detroit Rocking Electric Furnaces over the 
past 16 years and poured into castings of 
the highest quality to permit of any aca- 
demic discussion regarding the feasibility 
of a method of melting which has been so 
thoroughly established and adopted by 
leaders of the industry. 

Mr. Buck’s cost figures should also be 
reversed or greatly modified. Many users 
of Detroit Electric Furnaces including the 
largest production foundries in their respec- 
tive industries as well as many smaller 
jobbing shops are obtaining lower costs and 
better quality than from the fuel fired fur- 
naces which they replaced. These econo- 
mies accrue principally through 


Lower metal losses 

Lower labor costs 

More efficient utilization of plant space 
Frequent use of cheaper raw materials 

The production of a higher percentage of fin- 
shed perfect castings 


CURSORS Te 


Very truly yours, 


A. E. RHOADS 
(Vice president, Detroit Electric 
Furnace Company, Detroit, 
Mich.) 


Standards 


Report on Definitions 
in Electronics Field 


While the Sectional Committee on Elec- 
trical Definitions has been actively at work 
since 1929, not until well along in 1933 was 
it deemed necessary to appoint .a new sub- 
committee to cover the field of ‘‘electron- 
ies.”’ This subcommittee was organized 
under the chairmanship of W. Wilson, of 
the Bell Telephone Laboratories, Inc. 

In the official action creating the com- 
mittee it was pointed out that literature in 
the electronics field is becoming somewhat 
muddled due to the fact that there is no 
In some 
cases several names (including trade names) 
are used to describe the same tube. It was 
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therefore suggested that the subcommittee 
on electronics not only attempt the stand- 
ardization of tube names, but suggest any 
other standardization of names and term 
definitions that seemed to them desirable. 

The first report of this committee is now 
being issued in mimeographed form under 
a 60-day limit for comments and criticisms. 
It contains only that material upon which 
general agreement seemed to be obtainable 
without further delay. Other material 
may be added later. Only a limited num- 
ber of copies of this preliminary report on 
“Electronics” is available. If particularly 
interested write H. E. Farrer, secretary, 
Sectional Committee on Electrical Defini- 
tions, A.I.E.E., 33 West 39th Street, New 
York, N.Y. 


Standard Letter Symbols 
Under Revision 


In February 1929 ‘Standard Letter 
Symbols for Electrical Quantities’’ was ap- 
proved as American Standard by the A.S.A. 
This standard is now under revision. It 
is expected that additional symbols, for 
which there has been a call, will be added. 
At the same time there will be an additional 
column added to the listing of the quanti- 
ties giving the names of the units. 


Electrical Installations 


on Shipboard 


A movement has recently developed 
abroad which may lead to an attempt to 
develop international rules for electrical 
installations on_ ships. The American 
Standards Association headquarters has 
been approached by General Secretary 
LeMaistre, of the International Electro- 
technical Commission, as to the attitude 
of this country with regard to such an under- 
taking. A.S.A. referred the inquiry to the 
A.J.E.E. and it has been discussed both 
by the technical committee on applications 
to marine work and the standards commit- 
tee. At the meeting of the latter commit- 
tee on May 24, and following a report from 
the technical committee, an action was 
taken advising A.S.A. that in the opinion 
of the standards committee, if the work of 
international standardization of such rules 
is undertaken it should be under the aus- 
pices of the J.E.C. The Institute would 
be glad to offer A.J.E.E. Standard No. 45 
“Recommended Practice for Electrical In- 
stallations on Shipboard” to the I.E.C. as 
a basis for the work. Incidentally, A.I.E.E 
Standard No. 45, which was developed 
under the auspices of the technical com- 
mittee on applications to marine work is 
generally accepted by all the marine in- 
terests in the country, such as steamship 
owners, naval architects, shipbuilders, and 
classification and insurance associations. 


Standards for Capacitors 


In May 1930 the Institute issued in re- 
port form a proposed “‘Standard for Capaci- 
tors.” This was offered to A.S.A. for ap- 


proval as American Standard and on March 
5, 1934, it was so approved. It is now 
available in pamphlet form as No. 18 in 
the A.I.E.E. series. Single copies can be 
obtained at a cost of 20 cents each, usual 
50 per cent discount to A.I.E.E. members. 
Write H. E. Farrer, secretary, A.I.E.E. 
standards committee, 33 West 39th St., 
New York, N. Y. 


Mercury Arc Rectifiers 


The Sectional Committee on Mercury 
Arc Rectifiers in the fall of 1933 submitted 
a report on “Standards for Acceptance 
Tests of Metal Tank Mercury Arc Recti- 
fiers.’ This report was approved by the 
Institute as sponsor in October 1933 for 
transmittal to A.S.A. with the understand- 
ing that the A.I.E.E. stood ready to issue 
it either as a report on a proposed standard 
or as an accepted standard in accordance 
with the decision of the electrical standards 
committee. This report came before the 
committee on scope and it was decided, be- 
cause of the rapid changes taking place in 
the development of mercury arc rectifiers, 
to recommend that the work ‘of the Sec- 
tional Committee be issued as a report. 
The report is now available in pamphlet 
form as A.I.E.E. Report No. 6. Copies 
may be obtained without charge by writing 
H. E. Farrer, secretary, A.I.E.E. standards 
committee, 38 West 39th St., New York, 
INS WG 


Noise Measurement 
Standards Developed 


The work of the Sectional Committee on 
Acoustical Measurements and Terminology 
is rapidly taking form. The reports on 
nomenclature and on methods of measuring 
noise are now ready for letter ballot in the 
American Standards Association. The 
sectional committee is working under the 
sponsorship of the Acoustical Society of 
America and the chairman is Prof. V. O. 
Knudson, of the University of California. 
It was organized in January 1932, and 
since then 4 subcommittees have been ac- 
tively working on the following subjects: 
Noise measurement; acoustical termin- 
ology; sound absorption and insulation; 
fundamental acoustical measurements. 
More complete details can be obtained from 
an article in the May 1934 issue of Indus- 
trial Standardization issued monthly by 
A.S.A. 


Power Switchgear 


The scope of the sectional committee on 
Power Switchgear (C37) has been extended 
to include a variety of apparatus in the 
general field of switchgear which was not 
included in the former scope. The work 
formerly covered included only oil circuit 
breakers, large air circuit breakers, dis- 
connecting and horn-gap switches. 

The new work includes high voltage fuses 
(above 750 volts) and the current limiting 
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resistors used with such fuses, metal-clad 
switchgear, relays directly associated with 
power switchgear, network protectors, 
switchgear assemblies including automatic 
switchgear, and power connectors of the 
type used with switchgear. 


Rerrginecerin 


Roundalion 


Personnel 
Research Federation 


In 1921 The Engineering Foundation and 
National Research Council jointly estab- 
lished the Personnel Research Federation. 
This organization has gained wide respect, 
but the slowness of comprehension by 
business executives of their human-relations 
problems, and the condition of business in 
general the last few years, have hindered 
the development of its usefulness. Now, 
the new conditions affecting intimate 
human relationships in industry and com- 
merce are reaffirming the need for the kinds 
of service in which the Federation has been 
developing methods, inspiring research, 
demonstrating practical applications, and 
accumulating experience for 12 years. 

A new president, C. G. Stoll, vice-presi- 
dent of the Western Electric Company, 
was elected in April 1934. Under his 
leadership steps already are being taken to 
strengthen the Federation for its large 
present opportunity. 

The Federation, which has offices in the 
Engineering Societies Building, 33 West 
39th Street, New York, N. Y., publishes 
the Personnel Journal, has a useful special 
reference library for members, and holds 
noteworthy meetings. It is believed that 
many engineers may find opportunities for 
new or enlarged services by making them- 
selves competent to advise the clients in 
the human-relations field. Membership in 
Personal Research Federation should aid 
them in acquiring this knowledge. 


New Secretary 


Elected by U.E.T. 


The board of trustees of United Engi- 
neering Trustees, Inc., at its meeting of 
May 25, 1934, elected John Arms to be 
secretary to succeed Dr. Alfred D. Flinn, 
whose resignation was accepted at the same 
meeting. Doctor Flinn continues as direc- 
tor and secretary of The Engineering 
Foundation. 

Mr. Arms has been general manager of 
United Engineering Trustees since Decem- 
ber 9, 1933, and will continue to hold this 
office in addition to that of secretary. He 
is now the chief administrative officer for 
the board of trustees in caring for the 
Engineering Societies Building, Engineering 
Societies Library, and endowment funds 
which are held for the American Society of 
Civil Engineers, American Institute of 
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Mining and Metallurgical Engineers, The 
American Society of Mechanical Engineers, 
and the American Institute of Electrical 
Engineers, jointly. 

Mr. Arms is a member of the industrial 
engineering firm of Arms and Madeheim, 
and is a member of The American Society 
of Mechanical Engineers, Cornell Society 
of Engineers, Society of American Military 
Engineers, Army Ordnance Association, 
and The Engineers’ Club of New York. 
He was born at Williamsport, Pa., in 1888, 
and now resides in East Orange, N. J. He 
served in the U.S. War Department, 
Selective Service Division, 1918. 


American 


Engineering Council 


Engineering Affairs 
at Washington 


National projects of interest to engineers 
continue to follow each other with be- 
wildering rapidity at Washington. During 
the last month engineers have been related 
to at least one field with which they have 
not been officially associated, namely, the 
Home Owners’ Loan Corporation. This 
organization administers the distribution 
of some $200,000,000 to be used for modern- 
izing and reconditioning homes. A group 
of 12 regional supervisors has been estab- 
lished, each in charge of men with back- 
ground of architectural or engineering 
experience. Col. Paul Doty (A’04, M’12), 
president of The American Society of 
Mechanical Engineers, was appointed re- 
gional supervisor for the states of Alabama, 
Florida, Georgia, North Carolina, and South 
Carolina. Colonel Doty’s headquarters 
will be at Atlanta, Ga. Under the regional 
supervisors, state organizations have been 
established for considering the equities 
involved in the applications for this re- 
modeling development. 

It is quite probable also that the broad 
program of housing, the details of which 
have not yet been made public, will bring 
opportunities for engineers and engineering 
in the follow through of the plans. This 
particular operation is under the general 
direction of Harry L. Hopkins, Federal 
Emergency Relief Administrator. 


Secretaries of Engineering 
Societies Visit Washington 


On Monday, June 4, 1934, at the invita- 
tion of F. M. Feiker, executive secretary 
of American Engineering Council, the 
secretaries of several national engineering 
societies spent the day in Washington, 
D. C., contacting the government depart- 
ment which had the most direct relations 
to engineers and engineering developments. 
George T. Seabury, American Society of 
Civil Engineers; A. B. Parsons, American 
Institute of Mining and Metallurgical Engi- 


neers; C. W. Rice and C. E. Davies, The 
American Society of Mechanical Engineers; 
and H. H. Henline, American Institute of 
Electrical Engineers, were present. 

During the day there were visited in 
order, the Department of Labor, the De- 
partment of Interior, the N.R.A., the 
Russian Embassy, and the Department of 
Commerce. In addition, John Frey, vice- 
president of the American Federation of 
Labor, and member of the labor advisory 
board of the N.R.A., met with the secre- 
taries; at the luncheon meeting, the 
Honorable Frederick A. Delano, chairman 
of the National Planning Board and Mr. 
Charles Eliot II, executive officer of the 
National Planning Board, were present; at 
dinner the presidents and secretaries of the 
local sections of the respective engineering 
organizations were in attendance. At the 
various meetings and in the departments 
of the government which were visited, 
individuals in authority and well acquainted 
with many phases of governmental activity, 
contributed valuable information to the 
secretaries. The day’s visits with the ad- 
ministration officials were closed with a 
half hour’s conference with Daniel C. Roper, 
secretary of commerce. 

Many specific suggestions for the active 
utilization of engineering ability in the 
affairs of the government and of stimu- 
lating coéperation among engineers, were 
introduced. 


Engineers Active at Meeting 
of U.S. Chamber of Commerce 


At the recent annual meeting of the U.S. 
Chamber of Commerce, Harrison P. Eddy, 
president of the American Society of Civil 
Engineers, presented a paper entitled “An 
Engineering Analysis of the Public Works’ 
Program”’ at the round table conference on 
problems and progress in regional and city 
planning. Several other men, prominent 
in engineering circles, participated in the 
program, and at the annual dinner, the 
engineers were recognized professionally in 
the persons of J. F. Coleman, president of 
American Engineering Council, and by 
Mr. Eddy. This is considered further evi- 
dence of the increasing public recognition 
of the engineer in relation to national policy 
and national development. 


Referendum on 


Public Works Expenditures 


During May 1934, at the request of J. F. 
Coleman, president of American Engineer- 
ing Council, and as the result of a mail vote 
by the executive committee, 2 questions 
were submitted to Council concerning the 
policy of Council in regard to public works. 
The questions are as follows: 


1. Do you approve of Council actively supporting 
in any legitimate way the various proposals to 
extend credit for the development of private con- 
struction enterprise based upon the requirement 
of adequate security? 


INO sikiyaveyoronsateysinucaete arerethe ote! 


2. Shall Council support a movement to obtain 
additional P.W.A. Funds? 
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K. S. Wyatt (A’32) research engineer, 
Detroit Edison Co., Detroit, Mich., with 
his co-authors E. W. Sprine (A’26, M’32) 
and C. H. Fellows, has been awarded the 
1983 A.I.E.E. national prize for initial 
paper for the contribution ‘““A New Method 
of Investigating Cable Deterioration and 
Its Application to Service Aged Cable.” 
Mr. Wyatt was born in Cambridge, Mass., 
in 1900. He first studied engineering at 
Mount Allison University, Sackville, New 
Brunswick. After completing the unified 
2-year course, he majored in physical chem- 
istry, obtaining the degree of B.A. in 1921 
and the degree of B.Sc. with honors in chem- 
istry in 1922, and was an instructor in 
physics in 1921. After a year of graduate 
work in physical chemistry at Harvard 
University he joined the Carborundum 
Company, Niagara Falls, N. Y., as assist- 
ant research chemist. In the fall of 1923 
he accepted a scholarship from the National 
Research Council of Canada, and attended 
the University of Toronto, where he was 
engaged in research on ‘‘Supersaturation 
of Gases in Liquids.” Mr. Wyatt joined 
the research department of the Detroit 
Edison Company in 1928, and has special- 
ized in the study of the deterioration of 
high voltage insulation. Mr. Wyatt is a 
member of the Edison medal committee of 
the Institute, and is also a member of the 
American Chemical Society; he has pre- 
pared several papers for technical publica- 
tions. 


E. W. Sprine (A’26, M’32) research en- 
gineer, Detroit Edison Co., Detroit, Mich., 
with his co-authors K. S. Wyatr (A’32) 
and C. H. Fellows, has been awarded the 
1933 A.I.E.E. national prize for initial paper 
for the contribution ‘““A New Method of In- 
vestigating Cable Deterioration and Its 
Application to Service Aged Cable.” Mr. 
Spring was born in New Haven, Conn., 
in 1903. He graduated from the Sheffield 
Scientific School, Yale University, in 1924 
with the degree of B.S. in E.E. He then 
entered the operating department of the 
Detroit Edison Company, and in 1929 
joined the research department staff, taking 
charge of the electrical division of the re- 
search laboratory, where he has been par- 
ticularly concerned with underground 
cable. 


F. H. GuiirKsen (A’29) an electrical 
engineer for the Westinghouse Electric 
and Manufacturing Company, East Pitts- 
burgh, Pa., has been awarded the 1933 
A.L.E.E. national prize for best paper in 
engineering practice. The title of his prize 
winning paper is “The Principle of Con- 
denser Discharge Applied to Central Station 
Control Problems.”’ He was born in Oslo, 
Norway, in 1901. In 1924 he graduated 
from the Norwegian Institute of Technology 
at Trondhjem, Norway, having worked for 
the hydroelectric commission of Norway 
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during summers. He was employed at 
Elektrisk Bureau, Oslo, during 1925 as de- 
signer of radio and telephone apparatus. 
In December of that year he came to the 
United States and entered the graduate 
student course of the Westinghouse com- 
pany, and in 1927 entered the regulator 
section of the supply engineering depart- 
ment. Since 1928 he has been in the regu- 
lator section of the control engineering de- 
partment, engaged in the development and 
design of electronic regulators and indus- 
trial control equipment. A recent paper 
by Mr. Gulliksen, ‘‘Electronic Regulator 
for A-C Generators,” is given on p. 877 of 
the June 1934 issue of ELecrricaL EN- 
GINEERING. 


J. ALLEN JoHNSON (A’07, F’27, and 
vice president) chief electrical engineer of 
the Buffalo, Niagara and Eastern Power 
Corporation, Buffalo, N. Y., has received 
honorable mention in the 1933 AJI.E.E. 
national prize awards for his paper in en- 
gineering practice, ‘Operating Aspects of 
Reactive Power.” Mr. Johnson has been 
engaged in power generation work since 
his graduation from Worcester Polytechnic 
Institute in 1905, and was responsible for 
many important features of the electrical 
design of the Niagara developments follow- 
ing 1918. He was appointed to his present 
position in 1929. Mr. Johnson is president- 
elect of the Institute, and a more complete 
biography is given on p. 230 of the January 
1934 issue of ELECTRICAL ENGINEERING. 


W. R. Situ (M’18, F’30) assistant chief 
engineer, United Engineers and Construc- 
tors, Inc., Newark, N. J., has been elected 
chairman of the New York Section of the 
Institute. 


W. S. Gorsucu (A’07, M’17) engineer 
of economics, Interborough Rapid Transit 
Company, New York, N. Y., has been 
elected secretary-treasurer of the New York 
Section of the Institute. 


K. S. WYATT 
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R. H. Hucues (A’20, M’30) assistant 
vice president, New York Telephone Com- 
pany, New York, N. Y., has been elected 
to membership on the executive committee 
of the New York Section of the Institute. 


J. A. Scotr (A’25) electrical engineer, 
General Electric Company, Schenectady, 
N. Y., represents the Institute on the new 
sectional committee on electrical insulating 
materials of the A.S.A. 


GABRIEL Kron (A’30) is now with the 
General Electric Company at Schenectady, 
in the engineering general department. 
He was formerly consulting engineer for 
the United Research Corporation, Long 
Island City, N. Y. 


D. T. May (M’28) materials engineer, 
Beli Telephone Laboratories, Inc., New 
York, N. Y., represents the telephone group 
of the A.S.A. on its new sectional committee 
on electrical insulating materials. 


D. L. SmirH (M’27) electrical engineer, 
Chicago Rapid Transit Company, Chicago, 
Ill., represents the American Transit Asso- 
ciation on the new sectional committee on 
electric insulating materials of the A.S.A. 


H. L. Curtis (A’21, F’26) principal 
physicist, U.S. Bureau of Standards, Wash- 
ington, D. C., was elected chairman of the 
new sectional committee on electric insu- 
lating materials of the A.S.A., and repre- 
sents the Bureau of Standards. 


R. J. Cor (A’30) has been appointed as- 
sistant electrical engineer of the New Eng- 
land Power Association, Boston, Mass. 


A. L. Maiitiarp (M’23) has been ap- 
pointed head of the new air-conditioning 
department of the Kansas City Power and 
Light Company, Kansas City, Mo. 


W. R. G. Baker (A’19) has recently been 
appointed vice president and general mana- 
ger of the RCA-Victor Company, Harri- 
son, N. J. 


R. H. Dearporn (A’07, F’30) formerly 
head of the electrical engineering depart- 
ment of Oregon State College at Corvallis, 
has been appointed acting dean of the-school 
of engineering. 


F. H. GULLIKSEN 
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W. W. Lackir (F’16) will retire from the 
British Electricity Commission, London, 
England, in July 1934. 


G. H. Dunstan (A’28) has been pro- 
moted from the position of instructor to 
assistant professor of general engineering 
at the University of Southern California, Los 
Angeles, Calif. 


A. M. Cutty (M’22) has been appointed 
western district manager at Bremerton, 
Wash., for the Puget Sound Power and Light 
Company. He was formerly manager of 
the company’s southwestern district. 


G. H. Bucuer (M’24) has been elected 
president of the Westinghouse Electric 
International Company and will continue in 
his duties as general manager. Since 1932 
he had been vice president of the company. 


Obiuary 


Pau Sussan (A’24) designer and drafts- 
man for the New York Edison Company, 
died on April 17, 1934, in New York, N. Y. 
He was born in Riga, Latvia, April 8, 1880, 
and attended the Realgymnasium, Mitau, 
Russia, the University of Bern, Switzer- 
land, and the Polytechnicum Céthen, 
Germany, receiving the electrical engineer- 
ing degree from the last named in 1903. 
He was assistant engineer in industrial 
installation work for Fischer and Company 
of Berlin from 1903 to 1904. From 1905 
to 1917 he was engaged in designing of elec- 
trical apparatus for the General Electric 
Company at the Schenectady and Pitts- 
field works. From 1917 to 1920 he was 
employed by the Interborough Rapid Tran- 
sit Company of New York City as drafts- 
man, checker, and squad leader. From 
1920 on he worked for the New York Edi- 
son company, preparing drawings and wir- 
ing diagrams for power houses and sub- 
stations. In 1924 he was graduated from 
the Columbia University School of Op- 
tometry with the degree of doctor of op- 
tometry, and he practiced optometry for 
some years. 


Murray J. Ipam (A’19, M’24) manager 
of the engineering department of the 
Virginia Public Service Company at Char- 
lottesville, Va., since 1929, died on March 
10, 19384. He was born March 18, 1897, 
at Baltimore, Md., and was educated in 
the public schools there, and at the Pre- 
paratory School at Old Point Comfort, Va., 
and the Catholic University of America, 
Washington, D. C., receiving the B.S. de- 
gree in electrical engineering from the 
university in 1917. From 1914 to 1915 
he took a student course in the gas and cen- 
tral stations departments of the Newport 
News and Hampton Railway, Gas and 
Electric Company at Hampton, Va. From 
1918 to 1919 he was in charge of electrical 
design of all the Navy Department work 
which was assigned to Mr. F. R. Weller, 
consulting engineer. He did important 
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work in designing power stations, heating 
plants, fuel oil plants and distribution sys- 
tems for the navy yards at New Orleans, 
Norfolk, Philadelphia, New London, and 
Portsmouth. From 1919 to 1924 he was 
engineer in charge of the electrical depart- 
ment of Mr. Weller’s concern. This work 
entailed designing and installing central 
stations, outdoor substations, transmission 
lines, etc. In 1924 he had charge of the 
design and construction of the first step 
of a 125-mile 110,000-volt tower line, with 
substations. 


GRENVILLE A. Harris (A’01) export 
manager, engineer, for Black Clawson 
Company, New York, N. Y., died January 
31, 1934. He was born at Elizabeth, N. J., 
December 24, 1878. He attended Hack- 
ettstown Institute, Hackettstown, N. J., 
and Stevens Institute of Technology, re- 
ceiving the M.E. degree from the latter. 
After taking the student course of the 
Westinghouse Electric and Manufacturing 
Company at Pittsburgh, Pa., he became 
construction engineer for the company and 
had charge of the erection of a number of 
important plants. From 1901 to 1916 he 
was resident engineer in charge of the elec- 
trical and mechanical work of Takata and 
Company, agents of the Westinghouse 
organization for Japan. From 1916 to 1921 
he was chief engineer for the American 
Steel Export Company, having charge of 
the construction of steel plants. In 1921 
he became export manager engineer, for 
Black Clawson Company, holding that po- 
sition at the time of his death. During 
the Spanish-American War he was elec- 
trician, second class, on the U. S. S. Vixen, 
and he was awarded a war Medal for his 
services during the engagement of July 3, 
1898. He was a member of The American 
Society of Mechanical Engineers. 


SHizuo Kato (A’08) president of The 
Institute of Electrical and Mechanical 
Technology, Nishikicho, Nichome, Kanda, 
Japan, died recently according to word 
received at Institute headquarters from 
Michihiko Hatori (A’18), director of the 
Japanese institution. Mr. Kato was born 
November 8, 1880 at Tokyo, Japan, and 
was graduated from the electrical engineer- 
ing department of the college of engineering 
of Tokyo Imperial University in 1904. 
After leaving college he became electrical 
engineer engaged in designing with the 
Nitsubishi Dockyard and Engine Works, 
manufacturers of electrical machinery, at 
Kobe, remaining with that firm for 11 years. 
In 1915 he became associated with The 
Institute of Electrical and Mechanical 
Technology, acting as editor, principal, 
director, trustee, and president. 


Marion Brown Lines (A’31) engineer’s 
assistant for The Mountain States Tele- 
phone and Telegraph Company, Colorado 
division, died April 9, 1934, in Denver, 
from injuries received in an automobile 
accident April 4. He was born at Neo- 
desha, Kansas, January 26, 1902. In 
1923 he graduated from the University of 
Kansas with a degree in mechanical engi- 


neering. In 1924 he began his work with 
The Mountain States Telephone and Tele- 
graph Company in Colorado Springs in | 
the construction and installation fields. 
In 1928 he was an assistant to the transmis- 
sion and protection engineer for Colorado, 
becoming transmission engineer for The 
Mountain States Telephone and Telegraph 
Company in 1930. He was a first lieuten- 
ant of engineers of the Organized Reserves. 


Minor Meek Davis (A’86, M’93, F’12, 
member for life) electrical engineer with 
the Postal Telegraph-Cable Company, — 
New York, N. Y., for about 24 years, died 
on April 13, 1934. He was born March 
28, 1858, at North Chatham, Mass., and 
attended the Coffin School at Nantucket, 
Mass. After a few years in the electrical de- 
partments of the Bankers and Merchants and 
United Lines companies, he entered the em- 
ploy of the Postal Telegraph-Cable Company 
as assistant electrical engineer, becoming 
electrical engineer in 1907 and holding that 
position until 1920. He became a consult- 
ing engineer in 1920, retiring in 1925 at the 
age of 67. 


Orro Tomas. GreriscH (A’07) drafts- 
man, died a few months ago, according to 
word received recently at Institute head- 
quarters from his brother. He was born 
on August 13, 1882, in New York, N. Y., 
and was educated at Stevens Institute 
of Technology and at Brooklyn Polytech- 
nic Institute. He was draftsman for a 
short time with the Safety Car Heating 
and Lighting Company, and draftsman 
with the Brooklyn Rapid Transit Company 
for a number of years following 1906. 


Membership 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute. If the applicant has 
applied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the na- 
tional secretary before July 31, 1934, or Sept. 31, 
1934, if the applicant resides outside of the United - 
States or Canada. 


Allan, L. F., City Hall, Toronto, 2, Can. 

Barlow, P. McG., Hygrade Sylvania Corp., Em- 
porium, Pa. 

Bianchi, F., N. Y. Tel. Co., N. Y. City. 

Bowen, A. E., Bell Tel. Lab., N. Y. City. 

Byrd, E. C., N. Y. Edison Co., N. Y. City. 

Caughman, C. D., Federal Bank, Columbia, S. C. 

Clare, C. P. (Member), Associated Elec. Lab. Inc., 
Chicago, III. 

Daeley, R. L., Streamstown, Alberta, Can. 

Dunn, J., Waite & Bartlett X-Ray Co., Cleveland, 


io. 

Dye, J. R., Phila. Elec. Co., Pa. 

Edwards, L. L., R. & H. Chemical Co., Niagara 
Falls, N. Y. 

Eggert, W. C., Public Utilities Commission, San 
Francisco, Calif. 

BES Ons E. J., Hygrade Sylvania Corp., Clifton, 


mc 
Evans, M. F., Wright-Hargreaves Mines, Kirkland 
Lake, Ont., Can. 
Fleming, J. 
Tenn. 
Goldie, M. McL., 218 McDowall Bidg., Seattle, 
Wash. 


R., Univ. of Tennessee, Knoxville, 


ELECTRICAL ENGINEERING 


Halloran, J. J., U. S. Engr. Office, Havre, Mont. 
Hammond, E. H., Route 1, Box 530 National City, 


Calif. 

Harvey, O. J., Milwaukee Elec. Railway & Light 
‘o., Wis. 

Howse, S. E., Westinghouse X-Ray Co., Los 


Angeles, Calif. 

Kopf, F. J., N. Y. Edison Co., N. Y. City. 

Kuder, A. S., Wash. Water Power Co., Spokane, 
Wash. 

Latta, A., Stanton Operating Co., Pittston, Pa. 

Lindberg, C. A., United Elec. Mfg. Co., Adrian, 
Mich. 

Lomax, C. E. (Member), Associated Elec. Lab. Inc., 
Chicago, Ill. 

pvach., at E., Bureau of Standards, Washington, 


Mahoney, H. P. (Member), Associated Elec. Lab. 
Inc., Chicago, Ill. 

McMains, T. F., Western Union Tel. Co., Wichita 
Falls, Texas. 

Nelson, M. L. (Member), Associated Elec. Lab. 
Inc., Chicago, Ill. 

Newell, N. A. (Member), Bell Tel. Lab., N.Y. City. 

Nunez, J. M., Hart Enterprise Elec. Co. Inc., New 
Orleans, La. 

Patterson, R. T. L., Bell Tel. Lab. Inc., N. Y. City. 

Pratt, M. H. (Member), Niagara Hudson System, 

_ Syracuse, N. Y. 

Richards, E. L. (Member), Coyne Elec. School, 
Chicago, IIl. 

Richards, L. J., East Bay Municipal Utility Dist., 
Oakland, Calif. 

Salvesen, S. R., N. Y. Hospital, N. Y. City. 

Stallings, C. F., Amer. Tel. & Tel. Co., Atlanta, Ga. 

Stinchfield, J. M., RCA Radiotron Co. Inc., 
Harrison, N. J. 

Takahashi, Y., 62 W. 124th St., N. Y. City. 

Tsagos, H. N., 34 West 128 St., N. Y. City. 

Walker, J. E. L., 62 Stibbard Ave., Toronto, 12, 


Ont., Can, 
Bothead, F. J., Gen. Elec. X-Ray Corp., N. Y. 
ity. 


Williams, A. D., General Cable Corp., San Fran- 
cisco, Calif. 
Willick, F. L., 195 N. Vidal St., Sarnia, Ont., Can. 
peondny, S. J., 1984 Yale Station, New Haven, 
onn. 
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Foreign 


Dey, R. B., Siemens Schuckert Werke, A. G., Berlin, 
Germany. 

El-Koshairy, M. A. B., Metropolitan Vickers Elec. 

, Co. Ltd., Manchester 17, England. 

Grobler, P. S., P. O. Box 16, Rustenburg, South 
Africa, 

Krishnaswami, P. M. (Member), Andhra Engg. Co. 
Ltd., Vizagapatam, South India. 


4 Foreign 


Recommended 
for Transfer 


The board of examiners, at its meeting of June 
20, 1934, recommended the following members 
for transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
ence with the national secretary. 


To Grade of Member 


Althouse, Ernest E., div. operating supt., Central 
Hudson Gas & Elec. Corp., Kingston, N. Y. 

Bardewyck, Arthur H., transm. and distr. engr., 
Cia. Interprovincial de Servicios Publicos, 
Buenos Aires, Arg., So. Am. 

Bell, Delamar T., member of tech. staff, Bell Tel. 
Wale, ave ING SOK ias 

Cannon, Wm. D., E.E., Western Union Tel. Co., 
N. Y.-City: 

Church, Oliver A., dist. mgr., Niagara Lockport & 
Ontario Pwr. Co., Batavia, N. Y. 

Cramer, Clifford H., engr., Western Union Tel. Co., 


N. Y. City. 
Faigle, Charles A., distribution engr., Central 
Hudson Gas & Elec. Corp., Poughkeepsie, 


IND WG 

Fishman, Solomon, asst. prof. of industrial engg., 
Newark Col. of Engg., Newark, N. J. 

Fisk, Walter B., Jr., asst. inside plant engr., Bklyn. 
Edison Co. Inc., Bklyn., N. Y. 

Foss, H. Marcus, asst. engr. of equipment, Bell 
Tel. Co. of Pa., Pittsburgh. 

Knapp, Floyd H., field engr., Bell Tel. Labs., Inc., 
New York. 

Ku, Yu-Hsiu, dean of engg. college, National 
Tsing Hua University, Peiping, China. 

Moffitt, Lamont E., asst. supt. of distribution, 
Bklyn. Edison Co., Bklyn., N. Y. 

Poole, Robert E., member of technical staff, Bell 
Tel. Labs., Inc., New York City. 
Salsbury, Raymond J., supt. of substation opera- 
tion, Duquesne Light Co., Pittsburgh, Pa. 
Sanford, Frank E., distribution engr., Union Gas & 
Elec. Co., Cincinnati, Ohio. 

Skilling, Hugh H., instructor in elec. engg., Stan- 
ford University, Calif. 

Watz, Erik J., sales engr., Gen. Elec. X-Ray Corp., 
New York City. 
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Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute record. 
Any member knowing of corrections to these 
addresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., 
New York, N. Y. 


Brayman, Chas. E., c/o J. J. Murphy & Son, 38 
__,Ford St., Hartford, Conn. 
Gilliam, Charles T., Power Cost Engg. Co., 742 
Milam Bldg., San Antonio, Texas. 
poulding: Harold, 404 W. 116th St., New York, 


Eat canes Jr., 6452 Hillegas Ave., Oakland, 

alif. 

Henrichsen, E. E., Bell Tel. Labs. Inc., 463 West 
St., New York, N. Y. 

McNitt, Donald P., 1009 First Natl. Life Bldg., 
St. Louis, Mo. 

Miller, Frank D., Box 34, Yatesboro, Pa. 

Geacdley, Joseph A. E., 579—6l1st St., Bklyn., 


Patton, Edgar P., Standish Arms, 169 Columbia 
Heights, Bklyn., N. VY. 

Tamburello, G., 307 West 20th St., N. Y. City. 

Thompson, B. F., Minas de Matahambre, Mata- 
hambre, Pinar Del Rio, Cuba. 

Valier, Chas. E., Jr., 1804 Tel. Bldg., St. Louis, Mo. 

Villegas, z Tacoma General Hospital, Tacoma, 

ash. 
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New Books 
in the Societies Library 


Among the new books received at the En- 
gineering Societies Library, New York, re- 
cently, are the following which have been 
selected because of their possible interest to 
the electrical engineer. Unless otherwise 
specified, books listed have been presented 
gratis by the publishers. The Institute as- 
sumes no responsibility for statements made 
in the following outlines, information for 
which is taken from the preface of the book 
in question. 


CALCULATION and DESIGN of ELECTRI- 
CAL APPARATUS. By W. Wilson. Lond., Sir 
Isaac Pitman & Sons, Ltd., 1934. 214 p., illus., 
7x5 in., cloth, $3.00. Aims to provide a general, 
brief exposition of the principles that govern the 
calculation and design of.switchgear, control gear, 
protective equipment, instruments and_ similar 
apparatus, as distinet from electrical machines and 
transformers. The work is presented in a practical 
manner. 


DESIGN and USE of INSTRUMENTS and 
ACCURATE MECHANISM. By T. N..White- 
head. N.Y., Macmillan Co., 1934. 283 p., illus., 
9x6 in., cloth, $3.50. While intended primarily 
for designers and users of instruments, many of the 
principles involved are applicable to mechanism as 
a whole, and especially to light machinery, such as 
carburetors and magnetos, governors, components 
of textile machinery and printing presses. The 
author discusses various types of errors which may 
be present, their causes and methods by which they 
may be remedied. 


EINFUHRUNG in die PHYSIK der GASENT- 


LADUNGEN. By R. Seeliger. 2 ed. Leipzig, 
Johann Ambrosius Barth, 1934. 563 p., illus., 
9x6in., paper, 46rm.; bound,48rm. A summary 


of our knowledge of the discharge of electricity in 
gases. Provides an account of the work done in 
this field, which is well designed to orient the 
worker concerning the latest discoveries. 


(The) ELECTRIC HOME. By E. S. Lincoln 
and P. C. Smith. N. Y., Elec. Home Pub. Co., 
1933. 454 p., illus. 9x5 in., paper $1.00; cloth, 
$2.00. A popular description of the ways in which 
electricity may be used in the home. Advice is 
given upon indoor and outdoor lighting, electric 
appliances, wiring, etc. The book suggests many 
uses that are unfamiliar to most laymen. 


ELECTRICAL TECHNOLOGY. 
Horwood. Phila., J. B. Lippincott Co., 1934. 
347 p., illus., 8x5 in., cloth, $5.00. Designed to 
meet the requirements for the graduateship ex- 
amination of the Institution of Electrical Engineers 
(Great Britain), and intended for students familiar 
with the elements of magnetism and electricity. 
The fundamental theory, particularly a-c theory, 
has been emphasized and special attention is given 
to the development and use of vector diagrams. 


By W. L. 


_ ENTSTAUBUNGS- und LUFTUNGFRAGEN 
in der WERKSTATT. By R. Nagel. Berlin, 
VDI-Verlag, 1934. 21 p., illus., 8x6 in., paper 
1.80 rm. Presents the fundamentals of factory 
ventilation and dust removal in a concise, practical 
way. It is intended to give the factory manager a 
zeneral view of the subject which will enable him to 
devise methods for his own needs. 


Great Britain. Dept. of Scientific and Indus- 
trial Research. INDEX to the LITERATURE of 
FOOD INVESTIGATION. V. 5, No. 1, March, 
1933, and No. 2, Sept., 1933. Lond. His Ma- 
jesty’s Stationery Office, 1934. 283 p., 10x6 in., 
paper, 5s. (Obtainable from the British Library of 
Information, New York, $1.43.) Approximately 
100 periodicals are covered by this index, in addi- 
tion to patents, books and reports. Brief abstracts 
and an author index are included, as well as an intro- 
ductory review of developments during 1931 and 
1922. The engineering section contains 366 refer- 
ences on temperature and humidity control, 
methods of food transport, iusulation, refrigeration, 
air conditioning and gas producing. 


Great Britain. Dept. of Scientific and Industrial 
Research. (Radio Research Report No. 14.) 
MAGNETIC MATERIALS at RADIO FRE- 
QUENCIES, by F. M. Colebrook. Lond, His 
Majesty’s Stationery Office, 1934. 22 .p., tables, 
10x6 in., paper, 6d. (Obtainable from British 
Library of Information, N. Y., $17.) This brief 
survey covers present theoretical and experimental 
knowledge of iron-powder materials for coil cores. 
The available data about permeability, hysteresis, 
retardation loss and other losses are given, with a 
selected bibliography. 


HANDBOOK of TECHNICAL INSTRUC- 
TIONS for WIRELESS TELEGRAPHISTS. 
By H. M. Dowsett. 5 ed., rev. & enl. Lond., 
Iliffe & Sons, Ltd., 1934. 572 p., illus., 9x5 in., 
cloth, 15s. A theoretical course for students wish- 
ing to qualify for the certificate of proficiency 
granted by the postmaster general of Great Britain. 
The principles and practice of radio telegraphy are 
covered. While intended primarily for sea-going 
operators, the book will be useful to amateurs as 
well. 


HISTORY of MATHEMATICS in AMERICA 
BEFORE 1900. (The Carus Mathematical Mono- 
graphs No. 5). By D. E. Smith and J. Ginsburg. 
Chicago, published by Mathematical Assn. of 
Am. with the coédperation of the Open Court Pub. 
Co., 1934. 209 p., illus., 8x5 in., cloth, $2.00. 
A brief, readable survey of our mathematical 
achievements during the past, by a foremost Ameri- 
can authority. The development of means for the 
study of mathematics, the influence of other 
countries, mathematical societies and periodicals 
and the achievements of prominent students are 
considered. 


IMPACT TESTING of CAST IRON, Report of 
Subcommittee XV of Committee A-3 on Cast Iron. 
Phila., Am. Soc. for Testing Materials, 1934, 51 
p., illus., 9x6 in., paper, $.50. This report by a 
committee of the A.S.T.M. discusses the usefulness 
of the several forms of impact test as applied to 
cast iron. An extensive program of tests formed 
the basis for the report, which contains the results 
and the conclusion of the committee. 


INDUSTRIALIZED RUSSIA. By A. Hirsch, 
N. Y., Chem. Cat. Co., 1934. 309 p., illus., 8x6 
in., cloth, $3.00. Presents pertinent facts about 
the present status of the chemical, metallurgical, 
agricultural, and other industries, and discusses 
business, government, law, living conditions, educa- 


tion, etc. A factual report by a sympathetic ob- 
server. 

INTRODUCTION to MODERN PHYSICS. 
By F. K. Richtmyer. 2ed. N. Y. & Lond., Mc- 


Graw-Hill Book Co., 1934. 747 p., illus., 9x6 in., 
cloth, $5.00. Based upon lectures given at Cornell 
University to meet the needs of students who wish 
a survey of the origin, development, and present 
status of physics. Discusses the electromagnetic 
theory of light, the quantum theory, atomic struc- 
ture, X rays, the wave theory of matter and other 
important developments. 


MODERN POLY PHASE INDUCTION 
MOTORS, particularly those with Various Types of 
Single and Double Squirrel-Cage Rotors; tr. from 
the German by H. M. Hobart. By F. Punga and 
O. Raydt. Lond., Sir Isaac Pitman & Sons, 1933. 
289 p., illus., 9x5 in., cloth, $5.00. Not a general 
textbook on the induction motor, but a discussion 
of the merits and advantages of the squirrel-cage 
type. The special windings and constructions that 
have been brought forward at various times to 
remedy the low starting torque of the type are re- 
viewed. 
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Industrial Notes 


Large Steel Mill Order to Westinghouse.— 
Amounting to nearly a million dollars, the 
largest single order for steel mill electrical 
equipment since 1929 was awarded to the 
Westinghouse Electric & Mfg. Company 
by the Mesta Machine Company. The 
electrical equipment, consisting of motors, 
control material, motor-generator sets, and 
auxiliary units, will be installed on a 76 inch 
strip mill being built by Mesta for the 
Youngstown Sheet & Tube Company. 
Wide strip steel, produced in the new mill, 
is used for automobiles but has a variety 
of other uses. Included in the order will 
be six 3,500 horsepower motors. Work 
on the order has begun in East Pittsburgh 
and it will be completed in less than six 
months, 


New Consulting and Research Associa- 
tion.—According to a recent announcement 
5 research engineers formerly employed in 
the Westinghouse research laboratories 
have formed a new company known as the 
Consulting and Research Association, at 
823 Franklin Ave., Wilkensburg, Pa. 
The purpose of this organization is to pro- 
vide a consulting, research, and develop- 
ment service to manufacturing companies. 
This organization includes research engi- 
neers who have specialized in the following 
subjects: air conditioning, heating, and 
ventilation, construction and application of 
electronic devices, oscillographs, television, 
electric circuits, radiography, mechanical 
design and application, and plant survey 
and layout. The need for such an organi- 
zation, particularly for short time research 
problems confronting manufacturing com- 
panies without laboratory facilities, has 
long been recognized. 


Delta Mfg. Co. Joins Raytheon.—An- 
nouncement has been made that the Delta 
Mfg. Co., formerly of Cambridge, Mass., 
makers of Acme-Delta transformers, chokes, 
and power equipment for radio amateurs, 
Delta high voltage rectifiers for broadcast 
stations, Delta voltage regulators, and other 
special power conversion equipment, has 
jointed the Raytheon Mfg. Co. The ac- 
tivities of the combined companies will be 
carried on under the name of Raytheon 
Mfg. Co., Electrical Equipment Division, 
in a newly acquired plant at 190 Willow St., 
Waltham, Mass. There has been no change 
in the Delta organization and all products 
formerly made by them will now continue 
to be manufactured by the same personnel 
and sold by Raytheon’s electrical equipment 
division. In addition, new types of rectify- 
ing apparatus for converting alternating 
current into direct current are being de- 
signed to permit the use of rectifiers in in- 
dustrial applications where previously only 
motor generators or storage batteries could 
be used. The Raytheon Production Corp., 
Raytheon Tube Division, continues as 
before with its manufacturing plant at 
Chapel St., Newton, Mass. 


Single-Step Voltage Booster.—A low priced, 
pole mounted booster which automatically 
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changes a feeder’s voltage either 5% or 
10% in a single step has been announced 
by the Westinghouse Electric & Mfg. Co. 
This new type B feeder voltage booster is 
particularly suitable for maintaining proper 
voltage for rural lines, isolated loads, or 
distribution circuits where the load changes 
once or twice daily from very light to prac- 
tically full load. 


New Across-the-Line Motor Starter.—The 
Electric Controller & Mfg. Co., Cleveland, 
O., announces type ZO, weather-proof and 
dust-tight, across-the-line, oil-immersed mo- 
tor starter for motors up to 15 hp., 220 volt, 
and 30 hp., 440-550 volts. The starter is 
arranged for remote control, push button 
automatic operation. When desired, a 
self-contained ammeter in a dust-tight case 
is also furnished with the starter. 


Combination Tester: and Fuse Puller.— 


The Ideal Commutator Dresser Co., Syca- 


more, Ill., has developed a combination 
“Test-lite’’ and fuse puller. Made of rein- 
forced Bakelite and resembling a pair of 
pliers, this new device combines a tool for 
testing, removing, or inserting fuses from 
30 to 100 amperes, testing circuits of from 
110 to 550 volts, and handling all types of 
current carrying electrical parts. The test 
pins are mounted on handle ends—opening 
or closing handle adjusts the pins to proper 


distance. The test light is enclosed in the 
handle. The tool is of pocket size, 7 inches 
long. 


Texdé Diuterature 


Motors.—Bulletin 2173, 4 pp. Describes 
type AR squirrel cage induction motors, 1 to 
75 hp. Allis-Chalmers Mfg. Co., Milwau- 
kee, Wis. 


Carbon Brushes.—Catalog 634. Describes 
brushes for single-phase and _ fractional 
horse-power motors. Helwig Co., 3466 S. 
13th St., Milwaukee, Wis. 


Aerial Cable.—Bulletin, 4 pp. Describes 
rubber insulated metallic and non-metallic 
sheathed aerial cable for overhead lines. 
General Cable Corp., 420 Lexington Ave., 
New York. 


Street Lighting Cable.—Bulletin, 4 pp. 
Describes series street lighting cable, rub- 
ber insulated, “‘Thiokol’’ sheathed. Gen- 
eral Cable Corp., 420 Lexington Ave., 
New York. 


Laminated Bakelite-—Booklet describes 
laminated Bakelite in sheet, rod,. tube, and 
other fabricated form. A distinctive fea- 
ture of this booklet is that it contains actual 
samples of the material, enclosed in enve- 
lopes. The Synthane Corp., Oaks, Pa. 


Battery Charging Rheostats.—Bulletin 
2501, 4 pp. Describes battery charging 
rheostats and resistors, particularly suited 
for use where a number of different types 
of batteries are to be charged from the 
same direct current source. Prices are in- 
cluded. Ward Leonard Electric Co., Mt. 
Vernon, N. Y. 


Transformer Manufacturer Moves.—The 
R. E. Uptegraff Mfg. Co., manufacturers of 
high-voltage power transformers, have 
moved to 300 N. Lexington Ave., Pitts- 
burgh, Pa., where more than double the 
floor area of their former plant is provided. 
Recent production has necessitated double 
shifts. 


Air Hoists.—Bulletin 12107, 32 pp. De- 
scribes ‘Utility’? air hoists. The single- 
drum hoists are available in 10 sizes with ca- 
pacities up to 2,000 lbs. straight line pull. 
‘The double-drum hoists are built in 4 sizes 
up to 2,000 lbs. capacity. A single lever 
controls all movements of the hoist. In- 
gersoll-Rand Co., 11 Broadway, New York. 


Portable Instruments.—Bulletin 7, for 
catalog 123, 4 pp. Describes a new line of 
portable measuring instruments, types 


NPD and NPA, for general testing purposes. 
The NPD line includes direct current am- 
meters, voltmeters, milli-voltmeters and 
milli-ammeters of all ranges. The NPA 
types are a companion line of alternating 
current instruments. Roller-Smith Co., 233 
Broadway, New York. 


Insulated Cable.—Bulletin GEA-1837, 80 
pp., “How to Select Insulated Cable.” 
The more usual applications of cable are 
covered and there is presented in convenient 
form the information required for determin- 
ing the cable best adapted for any particular 
installation. Two methods of selecting 
conductor size are given. The first, a com- 
paratively simple one, covers cable for wir- 
ing buildings, small industrial plants, ete. 
The other method, more detailed, includes 
27 tables of current-carrying capacities. 
General Electric Co., Schenectady, N. Y. 


Lightning Arresters.—Bulletin 375, 160 pp. 
Describes Crystal Valve lightning arresters 
for both high and low voltage a-c service and 
for low voltage d-c service; tank type ar- 
resters, neutral arresters and coérdinating 
gaps; Garton-Daniels lightning arresters for 
low voltage a-c and d-c service and for high 
voltage d-c railway service; ground testing 
equipment and ground fittings. Much 
technical information on the subject of 
lightning protection is included. Electric 
Service Supplies Co., 17th & Cambria Sts., 
Philadelphia, Pa. 


Underground Conduit.—Bound data sheets, 
12 pp., on the recently announced Transite 
electrical conduit, made of asbestos fiber 
and portland cement. The material is fire- 
proof, highly corrosion-resistant and im- 
mune to electrolysis. Because of its un- 
usually high mechanical strength it can be 
used as a cable subway without concrete 
covering. The sheets include full informa- 
tion on sizes, weights, and list prices, details 
and dimensions of fittings, illustrations of 
installation methods, ete. Johns-Manville, 
22 E. 40th St., New York. 
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